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ABSTRACT 

 Iron is vital and an essential requirement for most plants and animals to maintain the 

homeostasis of iron through a series of chemical reactions.Normally, the amount of iron in 

the human body is closely regulated, with a balance being achieved between the amount lost 

and that absorbed from the diet.  Regular blood transfusions in thalassemia and other chronic 

refractory anemia can result due to the excessive iron deposition in tissues and organs. The 

regulation of this vital but potentially toxic substance, when present in excessive amounts, 

can negatively affect several physiological processes in the human body. The present study 

was conducted to evaluate the compartive efficancy of some natural and synthetic chelating 

agents towards chelation of iron in the experimental animals. Medicinal plants including 

amrood (Psidium guajava), green tea (Camella sinesis), turmeric (Curcuma longa) and khatti 

(Citrus aurentifolia) were evaluated for their natural chelating potential against iron overload 

in the experimental animals.The extracts from the selected medicinal plants were evaluated 

for their  antioxidant activity, antimicrobial activity, cytotoxicity,along with GC-MS and FT-

IR  phytochemicals profiling.  Iron overload was induced by administration of iron sulphate 

and IROSE (iron sucrose) to the experimental animals. The experiments were conduted to 

evaluate selective parameters such as serum ferritin, immune status and liver enzymes etc., 

along with histopathological status of different body organs like liver, kidney and spleen of 

the model animals. Iron overload caused tissue damage in the experimental animals and also 

increased the concentration level of biochemical parameters in the serum. The plant derived 

natural chelating agents/extracts, administrated orally, restored the biochemical parametres 

and tissue injury of different soft organs of the the experiomnetal animals leading towards the 

normal state. It can be concluded from the findings of the present study that the tested 

medicinal plants had appreciable chelation ability to excrete the excess iron from different 

organs of the thalassaimic patients and thus can be explored as a sustainable source for 

isolation of natural iron chelating agents to replace the synthetic ones. 
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Chapter# 1     

INTRODUCTION 

Iron is an essential co-factor required for most of biochemical and catalytic reactions and also 

transports the oxygen (O2) via red blood cells (RBS) and during respiration (Galaris and 

Pantopoulos, 2008).  When iron's availability is limited, pathological accumulation of iron 

within tissues helpful to generate of immediate oxygen (O2) species and elicits incurable 

effects, which are predominantly reliable to oxidative stress. Iron is a metal which generates 

oxygen (O2) species by using the Haber-Weiss and Fenton reactions. The reactive oxidative 

species (ROS) react often with lipids, proteins and nucleic acids and also manipulate the 

oxidative stress by depleting cellular necessities of antioxidants. ROS play important role in 

apoptosis, cell survival and propagation (Valko et al., 2005).  

     The human have 4 to 5 grams of iron in their bodies in well-nourished population. 

About 2.5 g is required for hemoglobin to carry oxygen through the blood and approximately 

2 grams is found in ferritin complexes in all cells (most common in bone marrow, liver and 

spleen (Camaschella and Poggiali, 2011).  The ferritin is stored form of iron in most cells 

(intracellular), Ferritin is important detoxification mechanism that store free iron and prevent 

formation of reactive oxygen species (ROS). Ferritin consist of   two subunits (heavy and 

light chains )  and form a protein crust that store 4500 molecules ((Theil, 1998) of iron. 

Ferritin synthesis depend upon the availability of iron, if more iron is available ferritin 

synthesis is induced ((Ke et al., 1998). and if less iron available its synthsis (ferritin) 

suppressed. Liver toxicity can be caused by iron overload and it also causes the liver 

malfunction and malignancy in individuals (Valko et al., 2005; Galaris and Pantopoulos, 

2008; Messner et al., 2009).  

 Iron overload in congenital and secondary hemochromatosis in majority of patients 

who required blood transfusions for long period of time for their survival, such as 

thalassemia, hemophilia and anemia (Samy et al., 2008). Absorption of iron in the 

enterocytes regulate iron balance when iron absorbed in enterocytes, no metabolic path for 

excretion (Abbaspour et al., 2014). The iron incoming blood plasma (major amount) comes 

from recycling (Ganz, 2011). The excess amount of iron accumulates in different tissues and 

also damage the  tissue  and also form the free radicals (Toxiqui et al., 2010). Some amounts 
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of iron are lost during minor bleeding and cell shedding, this  replaced also maintain by 

duodenal enterocytes (Toxqui and Vaquero, 2015). 

 Current investigations showed that hepcidin (hepcidin-1 in mouse) plays 

afundamental role in regulating of iron absorption (Kaplan, 2002; Leong and Lonnerdal, 

2004). Hepcidin was isolated (circulating antimicrobial peptide) from human urine and also 

present in serum (Krause et al., 2000; Park et al., 2001).  Iron overload occurred if hepcidin 

expression lack but in case of iron deficiency overexpression of hepcidin take place that 

cause anemia ((Nicolas et al., 2002) in mice.Mutation of hepcidin  cause severe Juvenile 

hemochromatosis  in humans (Roetto et al., 2003). Number of organs produced Prohepcidin 

such as heart and lungs but in fewer amounts, major part is produced by liver (Leong and 

Lonnerdal, 2004). When hepdicine mature then cleaved and 25 aminoacids peptide, is 

released into the circulation. Hepcidin in plasma negatively regulates iron absorption in 

duodenal crypt cells and/or villous enterocytes and inhibits iron release from macrophages 

(Leong and Lonnerdal, 2004).When hepicine production abnormally low it causes HFE 

hemochromatosis (Gehrke et al., 2003Bridle et al., 2003), suggestive that HFE positively 

maintain hepcidin expression (Courselaud et al., 2002).Additional condition/factor   as well 

as hypoxia, IL-6, inflammation, also helpful to regulate hepcidin expression (Nemeth et al., 

2004). 

Metal ion (iron) action as chelator was recognized. Chelators compound are diffident 

particles that are simply manufactured (e.g., EDTA). The living organisms made complex 

proteins (e.g., transferrin). When a metal ion bound to chelator it becomes inert (chemically). 

The major role of chelator is detoxification (metal ion) prevent poisoning. The patient 

suffering from severe condition of hypercalcemia used EDTA for the traetment (Aggarwal et 

al., 1990). 

Iron overload is metal linked toxicity. The iron chelator deferoxamine (DFO) and 

deferiprone (Al-Refaie et al., 1992) are used against iron overload diseases; both chelators 

are efficient but at the same time exert many side-effects Richardson, 1999; Kontoghiorghes 

et al., 2001). Deferoxamine is not administered orally and required an intravenous 

association that causes many complication in patients (future), (Olivieri and Brittenham, 

1997). It is very luxurious and may grounds toxic side belongings. Deferiprone iron chelator 
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orally dynamic and inexpensive iron chelating drug. In malevolence five concerns of 

probable augmented threats of toxicity and toxic elevation consequence, as well as 

agranulocytosis, muscular and joint pains, gastrointestinal complaints and zinc deficiency, 

are at present well thought-out reversible and managable (Kontoghiorghes et al., 2000). 

Excluding for iron chelation rehabilitation, mutually chelators have been recently studied 

concerning the aptitude to hinder the pattern of toxic oxygen activated species catalyzed by 

iron (Mansour, 2000; Suzer et al., 2000). Thus, additional studies are requisite for optimizing 

high effectiveness at low toxicity behavior of Deferoxamine and Deferiprone treatment and 

for the maturity of a concoction remedy with equally drug (Ebyl et al., 2002) 

 The medicines derived from plants (herbal medicine) used 60 – 80 % world 

population. The plant base medicine usually used healthiness care system (Edegoa et al., 

2005)The bioactive compounds present in plants have medicinal value and these 

phytochemical compounds posses specific physiological influence on human being (Akinmo-

laudn et al., 2001)The modern medicine that we used these days also derived from plants 

(Rout et al., 2009). 

The antimicrobial activities in medicinal plants might be occurring in a variety of 

different constituents (Mahesh and Satish, 2008). The medicinal properties of plant may be 

due to bioactive compounds such as tannins, flavonoids, fatty acids,  steroids and phenolic 

compounds (Dhawale, 2013). Polyphenols are biological active substances present in 

beverages acquired from plants, vegetables, red wine, olive oil, tea  and  fruits. Flavonoids 

belong to major group of polyphenols, which contain the subclasses of flavonols, flavones, 

and flavans (Butterfield et al., 2010). 

       Tea flavonoids (catechins) possess anti-inflammatory, radical scavenging and iron 

chelating activities. Camellia sinenis (green tea) leaf contains a large quantity of catechins (a 

group of flavanols and flavonoids) include 30–45% of the thick Camellia sinesis extracts 

(Yang et al., 1993; Wang et al., 2008). Camellia sinensis (green tea), its phenolic 

components are described to have antioxidant activity that diminishes the oxidizability of 

tocopherol and fatty acids (Luo et al., 1997). 

 Psidium gujava is conventionally used to treat diarrhea and also contains secondary 

metabolites such as flavonoids, tannins, saponins, eugenol and triterpenoids. The main 

constituents of Psidium gujava are flavonoids (BPOM, 2004). The flavonoids are 
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antibacterial properties that inhibit the growth of microorganism. The Antibacterial activity 

of Psidium gujava might be due to the polyphenols. Phytochemical also present in Guava 

such as vitamins, enzymes,  proteins, minerals and polysaccharides, vitamins (Deo and 

Shastri, 2003), alkaloids, sesquiterpenoid alcohols, steroids, saponins, flavonoids (Narayana 

et al., 2001) and triterpenoid acids (Cho etal., 2003;Geidam et al., 2007). 

 The leaves and rhizomes of Curcuma longa possessed antimicrobial activity 

(Arutselvi et al., 2012). Many species of Curcuma longa are traditionally used for their 

medicinal and biological properties such as antifungal, antibacterial and anti inflammatory 

activities (Manimegalai et al., 2011). The essential oil of Curcuma longa plant is reported to 

be highly effective in anthelmintic and asthma as well. It is also used as antacid, stomachic 

and tonic (Asghari et al., 2004). 

 Curcuma longa is a spice belong toginger family (Zingiberaceae). Turmeric contains 

a root, shoot and underground stem. Curcumanoids (polyphenolic pigments) give bright 

yellow colour to turmeric. Curcuma longa shows therapeutic properties as it hold 

phytochemical compound. Phytochemical constituents  present in turmeric are non-nutritive 

chemical  and contain disease deterrent properties (Sawant and Godghate, 2013).The 

diketone and pairs of phenol and methoxy groups on the curcumin molecule(Began et al., 

1998 ; Patro et al., 2002) might give it the ability to chelate cations (Sreejayan and Rao, 

1994; Ahsan et al., 1999; Araujo et al., 2001).The studies suggest that curcumin can bind 

metal ions such as copper and iron (Sreejayan and Rao, 1994; Began et al., 1999). 

 Synthetic iron chelating agents may cause numbers of side effects such as nausea, 

abdominal pain, vomiting, arthralgia, agranulocytosis, cytopenias, renal, liver failures and 

bleeding from the gastro enteric tract etc., (Balfour and Foster, 1999).The natural chelating 

agents holds the beneficial effects as they normalizethe enzymes activities, lipid profile and 

total bilirubin of liver (Vichinsky, 2008). The present study was conducted to evaluate the 

compartive efficancy of some natural and synthetic chelating agents towards chelation of iron 

using experimental animal models. This research effort addresses the future need to identify 

natural plant as antimicrobial and antioxidant and iron chelating agents for medicinal 

benefits. The main theme of this research plan was to evaluate comparative analysis of 

synthetic iron chelating agent’s alongwith natural chelating agents from the medicinal plants 

in the experimental animals.  
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Aims and Objectives 

 

1. Phytochemical evaluation of selected medicinal plants along with antioxidant  

potential/activities  

2. Comparative assessment of natural (medicinal plant derived) and synthetic iron 

chelating agents through biochemicalsparameters along with  immune status and 

serum ferritin level and histopathological investigation in experimental animals. 
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Chapter# 2                           

REVIEW OF LITERATURE  

2.1 IRON 

    Iron is important element of hemoglobin and perform different function such oxygen 

transport and storage, erythropoiesis, respiration, DNA synthesis, cell metabolism (Dunn et 

al., 2007) and it is necessary for the utility of several cellular enzymes. Iron exist in ferric 

(Fe3+) and ferrous (Fe2+) when oxidation-reduction reaction occureed.  Iron is transition metal 

and performs many biochemical reactions. When iron concentration increase in body it affect 

different tissues such as liver, heart and endocrine. When iron overload in human body it 

may be due to hemochromatosis, cardiac dysfunction, cirrhosis, heart failure, liver damage 

and transfusion-dependent anemia. Iron overload also affet endocrine glands and following 

abnormalities observed such as diabetes mellitus, hypothyroidism and hypogonadism (Wang 

et al., 2015). 

 Ironis a metal procured from mineral deposits, soil and mineral waters. The transition 

metal iron is found everywhere in biological system. Two forms of iron are biologically 

active in oxidation states which are Fe2+ and Fe3+. Iron exhibit redox potential in solution 

(Kontoghiorghes, 2000). 

2.1.1   Importance of iron  

 Iron is necessary element and performing many cellular function of human body.Iron 

is also part of many enzymes (electron transport chain) such as cytochrome oxidase and 

cytochromes a, b, and c, iron use as a cofactor for the synthesis of aadenosine triphosphate 

(ATP), (Gordon, 2003). Iron plays definite roles in Connor et al., 1995), central nervous 

system (CNS). It play important role in myelin formation and also production of many 

neurotransmitters such as serotonin, dopamine (Ponting, 2001) and norepinephrine (Connor 

et al., 1995) and also generation of  gamma amino bezoic acid GABA activity (Li, 1998). All 

eukaryotic cells require iron as it is necessary for life for all vital enzyme functions and 

critical metabolic pathways, For example Oxygen (O2) binding and transport in hemoglobin 

(Hb) and myoglobin  and DNA synthesis, all cytochrome enzymes, iron-sulfur proteins and 

electron transport chain in mitochondria need iron as basic element. For the creation of 
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hydroxyl and superoxide radicals, iron could also (Fe) catalyze the basic reactions which help 

to prevent the cellular damage, but for this whole cascade, iron concentration must be kept 

constant (COMA, 1991).  

2.1.2 Iron control system in human body 

 Iron is absorbed by the enterocytes padding the duodenum and this whole process is 

carried out via the divalent metal transporter (DMT1) consequently for endorsement of iron, 

but the presence of iron is compulsory. Reduction of ferric (Fe3+)  to  ferrous (Fe2+)  is 

conceded by ascorbic acid, which is located on the cell membranes and this all is helped out 

by duodenum (Cyto. b), (Kemnaet al., 2008). After entrance in the enterocytes, ferritin 

molecules sequestered the iron and made its availability for transport into the body. Iron 

status of the body is sensed by a highly delimited organization of interrelating proteins. The 

body has adequate iron; ferritin stored excess iron while the enterocytes contain sloughed 

inedible iron. Degradation is caused by ferroportin which is known as cellular iron exporter. 

Heme-carrier protein-1 (HCP-1) helps in absorption into enterocytes from heme and heme 

oxygenase-1 aid in release of this heme (Shayeghiet al., 2005). For binding to transcription 

factor (Tf), the free iron (Fe) then monitors the identical direction. Transportation of iron to 

cells where iron is required for metabolism is carried out after iron is loaded onto Tf. Two 

iron atoms can bind to one Tf molecule at a time. For the attachment of Tf required 

transcriptionalfactorreceptor (TfR) are situated on cell crust and this aids for the entry of this 

TF molecule into the cell. The process of endocytosis is required for the entrance of Tf-TfR 

complex into the cell.  

 For the release of iron from these vesicles, the pH is lowered while the re-circulation 

of Tf receptor and Tf was engaged at cell crust. After this whole process, release of TF into 

the blood as Tf stentorian two irons (Fe) atoms encumbered Tf is accepted. Regulation of the 

entrance of iron (Fe) into the body fluid since enterocytes is aided by hepcidin. Iron levels 

are sensed by hepcidin by very sensitive mechanisms and the processes are still being 

elucidated. Transcription of hepcidin is positively regulated by bone morphogenetic proteins, 

inflammatory cytokines and iron while it is negatively regulated by iron shortage leads to 

hypoxia (Lee and Beutler, 2009) and unsuccessful erythropoiesis.  Gaoet al. (2009) reported 

that the transcriptional regulation of hepcidin is carried out by holo-Tf and this strongly 
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involves a complex of hereditary hemochromatosis protein (HFE) and TfR2. Unaffected 

individuals possess elevated levels of hepcidin while alterations in the hereditary 

hemochromatosis (HFE) gene might consequence in maximum common procedure of genetic 

iron surplus in patients, therefore such patients show lower levels of hepcidin. In order to 

augment cellular iron (Fe) accessibility, expression of multiple iron metabolism genes is 

regulated by the iron regulatory protein (IRP1) and iron regulatory protein (IRP2) which play 

their role after entrance of iron inside the cell. Iron-responsive elements have initiated on 

mRNAs of (iron storage protein) ferritin to which the IRPs bind in case of iron-deficient 

cells. Along with these IRPs, the Tf receptor and other iron metabolism transcripts also get 

attached and so decrease iron sequestration and enhancing iron uptake (Rouault, 2006; Kotze 

et al., 2003). 

2.1.3 Iron overload| 

 Excessive amount of iron stored mostly in liver, excessive amount of iron may be 

dangerous to liver but it is the major storage form. Whe excessive iron containing diet was 

given to experimental animal and pregnant women  using iron tablets iron overload observed 

in both (Hiringer et al., 2001;Sochaskiet al., 2002)  iron tablets has been reported.  When 

excessive amount of iron overload in cell some time it cause cell death and also known as 

necrosis. Iron overload caused different complications in organism such as hemochromatosis 

that is also associated with hepatocytes and apoptosis (Zhao et al., 1997).When excessive 

amount of iron overload in cell it also responsible carcinogenesis (Kowdley, 2004).When 

excessive amount of iron overload in different tissues or organs it form the free radical and 

also responsible for lipid peroxidation  (Valerio and Petersen, 1998; Knutson et al., 2000) 

Lipid peroxidation caused structural and functional changes in mitochondria, lysosome and 

endoplasmic reticulum. In liver lipid peroxidation occurred due to different chemical forms 

of (Fe) iron (Khan et al., 1995; Milckak and Bicker, 2002).The hydroxyl radical (OH) and 

reactive oxygen species (Kehrer, 2000) form from catalyzing iron (Halliwell, 1992; Ryan and 

Aust, 1992). Jacob and co-workers (1997) found that inorganic iron when accumulate in 

endothelial cell apoptosis may be due to reactive oxidative species (ROS) that create during 

Fenton reaction. When iron accumulates it caused liver injury due to previous connection 

(Milchak and Bricker, 2002). Glutathione plays important role to maintain cell viability and 

synergistic association exist between antioxidant and GSH. When iron overload long time 
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(chronic form of iron) it may be cause hepatic disorder may be due to protein expression and 

stress (Brown et al., 2007). 

        

Fig: 2.1: Iron-overloaded in human liver 

2.1.4 Hereditary hemochromatos  

 Abnormal distribution, absorption and accumulation, iron (Fe) deposits in soft tissue 

through-out. This occurs due to a congenital disease of iron uptake and it is called hereditary 

hemochromatosis. Diabetes mellitus, cirrhosis, cardiomyopathy and fibrosis are caused by 

the gradual changes accumulation mechanism of iron (Fe) in liver, pancreas, kidneys, heart 

and other tissues. Multi organ failure occurs if these syndromes are not treated. A persistent 

fasting transferrin saturation occur by an iron overload state biochemically in which serum 

ferritin level increases up to 250 mg/L for women and 350 mg/L for men (Anderson, 2001).  

2.1.5 Pathobiology and genetics of hereditary hemochromatosis 

 Best characterized iron overload condition is HFE-related HHC. MHC (class 1-like 

molecule) recognized as HFE is encoded by gene affected in this disease (Cullen et al., 

1999). Intestinal iron absorption intensified due to alteration in HFE and also raised iron 

contented is unidentified. Entrance of iron (Fe) in cells is regulated by an associated complex 

of HFE and TfR as revealed by recent studies (Anderson, 2001).  
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2.1.6 Therapy 

 HHC is treating with therapy after diagnosis in case of iron overload. Pretentious 

patients must be proximate on a sequence of iron reduction. In phlebotomy the level of 

ferritin and serum hemoglobin (Hb) concentration beneficial accomplished about 50 mg/Lbut 

its duration one to two time in a week. In this method Iron depletion is continued until 

transferrin saturation is 50% and value of ferritin below 50 mg/ L. Phlebotomy is performed 

three to four times in a year to maintain the ferritin levels. In several advanced countries like 

Australia and USA blood apart from (asymptomatic) patients by usual liver purpose 

examinations is currently large-scale (Red Cross Blood Transfusion Service). It is 

recommended that the persons even blood contributors and have their iron directories 

scrutinized (Lawrie, 2000).  

2.1.7. Natural iron chelating agents 

Medicinal plants containing   polyphenols (Yang and Wang, 1993; Wang, 2004), 

epigallocatechin gallate (EGCG) is also polyphenol that present in (green tea) Camellia 

sinensis extract (catechin), (Rice-Evans, 2001;Higdon and Frei, 2003).Green tea contining 

bioactive compounds and have antioxidant properties and used to treat different diseses such 

as cardiac dysfunction, carcinogenesis and neurological problems (Wiserman et al., 

2001).The  green tea (GT)  affective against different disease because it contain polyphenols 

and almost 4000 flavonoids present in green tea that give it favourable properties (Wiserman 

et al., 2001;Higdon and Frei, 2003). Green tea (GT) contain catechins that interfer metal 

chelating properties (3, 4-dihydroxyl group), gallate groups also part of green tea(Guo et al., 

1996). These group ( catechin and  gallate) of green tea might be neutralise ferric form of 

iron that helpful to produce to produce redox reaction Hider et al., 2001; Kumamoto et al., 

2001). 

2.1.7.1 Chemical chelating agents. 

 Chemical iron chelating agents are already available clinically for various conditions. 

These are used for the treatment of various iron overload disorders. 

2.1.7.2 Deferoxamine 
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 The deferoxamine DFO (iron chelating agent) used to remove excess iron from 

effected living body. Concerning chelation rehabilitation for continuing iron excess, 

deferoxamine administered parentally and an assessment of indication subsidiary the 

situation usage was delivered upbringing with this medicine. The deferoxamine (Lee et al., 

1993) have short half-life when administered subcutaneous and intravenous injection (Porter, 

2001). As compared to intramuscular administration, IV and subcutaneous administration 

were shown to be more efficient for improving iron excretion (Propper et al., 1977; Hussain 

et al., 1976). An irregular subcutaneous vaccination time table was revealed to be powerful 

in endorsing iron (Fe) elimination as an unremitting twelve hour intravenous injection. 

     Body iron burden and response to therapy is assessed by different clinical parameters. 

Most often used laboratory parameter is serum ferritin level. Organ toxicity and death are 

connected with normally inexorable serum ferritin level superior formerly 2500 µg/L 

(Olivieri et al., 1994). Efficacy in decreasing morbidity associated with iron overload is 

achieved by most chelation regimens as demonstrated by DFO and goal of lower ferritin 

below 2500 µg/L was achieved. Liver/cardiac magnetic resonance imaging and liver biopsy 

are included in other methods of determining body iron burdens (Cunningham, 2010). The 

iron chelator deferoxamine used to remove excess iron from children and adults. Within a 

decade, survival rates for thalassemia patients increased substantially as followed by the 

introduction of deferoxamine (Zurlo et al., 1989). Significant decrease as well was observed 

in morbidity from organ system toxicity.  

           The thalassemia patient ages between 9-15 years when treated with deferoxamine, no 

sign of cardiac diseases existed along with serum ferritin concentration become within 

normal limits (Olivieri et al., 1994). In thalassemia patients treated with DFO, extra work 

confirmed that momentous decrease in humanity and occurrence of heart disappointment was 

renowned (Wolfe et al., 1985; Borgna-Pignatti et al., 2004). The long term use of iron 

chelators associated with tissue organization dysfunction was prohibited (Brittenham et al., 

1994). Medical equality of intravenous injection (IV) and alternating DFO potion was 

maintained by auxiliary lessons (Propper et al., 1977; Cooper et al., 1977; Franchini et al., 

2000). Further prosecutions maintenance the usage of twelve hour unremitting intravenous 

mixtures of deferoxamine pediatric patients (Cossu et al., 1981; Gregorio et al., 1997). To 

avoid daily DFO administration, other detectives have collective both subcutaneous and 
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intravenous dosing. The serum ferritin levels of concentration maintained normal level after 

use of deferoxamine for one to two years (Wali et al., 2004). In lowering ferritin levels and 

reversing cardiac complications, a 24 hour infusion regimen was successful but death at the 

conclusion of the survey active era was equal to the alternating DFO procedures (Porter et 

al., 2000). In reducing hepatic iron deliberations in two insignificant associates of sickle cell 

(anemic patients) with discontinuous use of DFO mixtures were operative (Silliman et al., 

1993; Kalpatthi et al., 2008). 

 Systemic toxicity is resulted during effective deferoxamine administration and it is 

resource and labor intensive. Semi-permanent intravenous access is required in patients, in 

those cases where it is administered intravenously. The iron chelator due to short half-life 

requires frequent administration, typically 5-7 days and a week but long time intravenous 

administration associated with many difficulties (Davis and Porter,2000). Much complication 

associated with intravenous administration of iron chelator when compared subcutaneous 

administration is further excruciating. The iron administered both routes affect the quality of 

life of iron overloaded patients (Aydinok et al., 2005; Delea et al., 2007). The growth 

retardation and skeletal muscle could be effected by the use of defroxamine (Virgiliis et al., 

1988). 

2.1.7.2 Deferiprone 

 In Europe, Deferiprone was the firstiron chelating agent used in 1980. The dentate 

hydroxypyridone is a chelator with  molecular weight (139). The Ultimate plasma elevation 

happened classified one period. It actions an unwavering compound with iron and excreted in 

urine (Piga et al., 2010). It has short half-life and processed by glucuronidation in hepatic 

tissue (Barry et al., 1974). 20 minutes was the basic need for multiple daily dosing in the 

form of infusion (Kontoghiorghes et al., 1990). Deferiprone was an excellent iron 

mobilization property as demonstrated by early animal data (Gale et al., 1991; Bergeron et 

al., 1992). Retrospective, observational or combination chelating studies provide the 

scientific data regarding deferiprone. Deferoxamine (DFO) and deferiprone are prohibited by 

USA as these are outdated drugs for iron chelating agents and cause hearing complications.  

2.1.7.3 Iron elimination with Deferoxamine and Deferiprone 
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 Early education verified equivalent quantities of iron elimination when deferoxamine 

and deferiprone were given (Olivieri et al., 1990; Collins et al., 1994). Deferoxamine (DFO) 

seems to effects in marginally difficult remaining iron elimination as an effect of fecal 

damage. Deferiprone consequences in extra important decrease in iron (Fe) heights in 

individuals with a developed iron load (Cappellini et al., 2009). For less significant iron 

overload, it may not be as helpful. Deferiprone administered increases by 75 to 100 

mg/kg/day. Deferiprone lower the serum ferritin concentration.  Both adult and pediatric 

patients are included in these retrospective and observational studies. The iron chelator 

deferiprone recommended dose 75 mg/kg/day and trial continue from 1 to 3 years. 

2.1.8 Iron chelation in β-thalassemia major   

Treatment Recommendation 

Deferasirox (Exjade®) ●20 mg/kg/day starting dose in averagely transfused 

patients 

●30 mg/kg/day in patients with pre-existing high levels of 

iron loading 

●10–15 mg/kg/day for patients with low levels of iron  

loading   

DFO(Desferal®) ●20–40 mg/kg for children, ≤50–60 mg/kg for adults 

●In pediatric patients <3 years of age, recommend reduced 

dose and monitoring of growth and bone development 

Deferiprone(Ferriprox®) ●75 mg/kg/day 

●May be combined with DFO if DFO monotherapy is 

ineffective 

 

Guidelines for the clinical management of thalassemia:  2nd rev ed. TIF 2008 

2.1.9    Protection of Cells by Iron Chelator 

 Cells are protected from iron-mediated toxicity by chelators in two ways. 

l) Excess iron removal 

 Removal of the excess iron from the body is the way by which the most readily 

apparent mechanism provides protection. Body prevents the harm once the toxic iron is gone. 
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Removal of excess iron depends on the ability of chelator at least two factors: (a) the rate at 

which the chelator depletes storage iron and (b) the rate of continued iron accumulation. Due 

to repeated transfusions, patients with some disorders develop iron overload. Many 

transfusions are required for certain persons by aplastic anemia, who obtain bone essence, 

remove and this is needed for support until the graft matures. Normal hematocrit is exhibited 

by these patients. Chelators could eliminate all the additional iron (Fe) in this situation. 

Maximum patients with transfusion iron overload need transfusions after short time e.g.  

Comprise individuals with myelodysplasia and thalassemia major.  Meanwhile each 

component of blood credits around 230 mg of Fe, maximum patients who need, for example, 

2 entities of blood each month and will have very a little negative iron equilibrium through 

chelation therapy. The maximum broadly used deferoxamine as an iron chelator, to eliminate 

wherever amongst 30 to 70 mg iron from a person per day.  

2.1.10 Neutralization of free iron 

 The redox reaction can be prevented by binding of iron chelator to iron. Fe ions have 

six electrochemical organization locations. Therefore, a chelator that an impasse to six places 

entirely deactivates the "unrestricted" iron (Fe). Deferoxamine chelator is examples of   

“hexidentate” used as an iron chelator inactivate iron as part of 1:1 with molecular complex. 

The denate chelator is defining as in which two binding sites (Neufeld, 2006). Ferrochrome 

and deferiprone is also a bidenate chelator now used in medical trials. The bidenate type 

chelator could create limited response with iron overload. 

1.  Redox reactive [Fe(C]  

2. Inactive [FeC3]  

 In clinical trial a large scale used iron chelator is bidenate, a band of biochemical type 

that occur, a lesser is inactive. A huge biochemical addition of chelator is required to thrust 

the response to accomplishment, the development of the inactive (FeC3) product. 

2.1.11     Clinical Efficacy of Iron Chelators 

 No perfect chelator occurs to prevent patients by transfusion (Fe) iron overload. The 

qualities of an ideal chelator are inexpensive, hexidentate binding, oral administration, good 

tissue penetration, easy mobilization and non-toxic. 
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2.1.12 Cost and dose formulation 

 Deferiprone is administered orally accessible such as 500mg drug. The commended 

amount is 75 mg and is divided into three doses.  The iron chelator deferasirox is accessible 

in 500 mg, 250 mg, and 125 mg tablets and consequential treatment should be found on 

intermittent ferritin observing. 

 A cost assessment between deferasirox and deferiprone has to interpretation for 

several variables containing: laboratory monitoring cost, drug cost and cost allied with 

discussing opposing effects. A true cost comparison between deferosirox and deferiprone not 

found. But it is assessed that the price of deferiprone is more than deferoxamine , it might be 

two time but deferosirox is 2 to 3 time more costly as compared to deferiprone (Neufeld, 

2006). Thus an uneven assessing of cost would be decrrease: deferasirox< 

deferiprone<deferoxamine.    

2.1.13. Iron deficiency 

 Anemia and iron deficiency is major disease in the world and considered in top ten 

diseases. The occurrence of anemia in children is about 47%, in non-pregnant women 30%, 

and in pregnant women 41% (McLean et al., 2007). Internationally, other than eight hundred 

million women, children suffer since anemia, mostly in Asia, Latin America and Africa. The 

Fe is maximum plentiful metal in world, but likewise comprises the utmost communal 

dietary shortage (Biesalski and Erhard, 2007). Iron is vital for countless metabolic 

progressions comprising, the formation and maintenance of myelin, RNA and protein 

synthesis and is a co-influence of several non-heme and heme enzymes. Scientific 

significances of iron shortage is due to enduring fatigue , diminished physical capability 

,central nervous system (CNS) dysfunction comprising cognitive damage,  (e.g. gastritis, 

stomatitis and glossitis), and reduced temperature parameter in a unkind atmosphere. Iron 

deficiency mostly ensues in 3 consecutive periods: exhausted iron provisions, iron 

deficiency, erythropoiesis and anemia. All 3 phases could be investigated chemically with 

quantity of ferritin, sTfR and Hb. 

 It is conceivable that significance of iron (Fe) shortage is allied with oxidative harm, 

and iron (Fe) chelation (Van Rensburg et al., 2010). However, underneath normal situations 

the occurrence of Fe is severely meticulous. All intracellular Fe is each certain up privileged 
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proteins. The Glutathione peroxidase and superoxide dismutase frequently exist to rummage 

free activists as portion of an exceedingly useful antioxidant organization inside 

oligodendrocytes.  

 Iron deficiency affect all human being throughtout the world non- industrialized and 

industrialized countries, iron deficicency also affect the human health and its social and 

economic development A  reduction in iron level affect the  physical activity and increase 

vulnerability to infections. If iron level reduced in human body (even in the absence of 

anemia) reduce work performance and cause fatigue (Zimmermann and Hurrell, 2007).  If 

iron level is good in has young women, work better and feel good (McArther et al., 2012) 

2.1.13.1 Functional Consequences of Iron Deficiency  

 Iron deficiency has many adverse affects even absence of anemia. It affects the 

performance of all ages such as school aged children, preschool and infants growth. It also 

affects the intelligence, sensory perception, emotions, attention span and behaviour 

(Jauregui-Lobera, 2014).The impervious status and morbidity, infected of all group of ages 

(Jonker and Hensbroek, 2014). Iron is the source of energy sources and increase work 

performance, physical capacity, athelete performance, motor skills, adult and adolescents of 

all age groups (Buratti et al., 2014). In pregnant women, iron deficiency cause anemiaand 

increases prenatal risk (for mothers and neonates) and infant mortality. 

2.2. Medicinal plants 

 Medicinal plants have diverse group of biologically active constituents know as 

secondary metabolites with multiple biological and medicinal activities. The photochemistry 

is the study of plant chemistry and deals with the chemical structures of a wide variety of 

organic substances that are accumulated by plants (Okwu, 1999). The medicinal plant used as 

a drug for the treatment of different disease (According to World Health Organization). The 

traditional medicine used in developed countries almost 80% for the manufacturing of 

medicine which compounds obtained  from  plant materials  (Aggarwal et al., 2007). Herbal 

medicine is very affective for treating different disease and infectious agents (Chattopadhyay 

et al., 2004). The raw material obtains from medicinal plants used for the formation of herbal 

medicine and popular supplements.  
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People used herbal medicines due to their low price or less side affets and more safe 

as compared to synthetic drugs. Peoples of all the worlf believe that herbal medicine has 

fewer side effects due to their natural origin and herbs more safe as compared others 

(Yuegang Zuo et al., 2002)Herbal maerial is traditionally used as medicine  and provide a 

source of developing new drug used for chemotherapy  and provide more resistance and also 

decrease toxicity of antibiotic that commercial available on large scale(Sawant and 

Godghate, 2013).Flavors and food obtaining from indigenous medicinal plants. Plants have 

used medicinal purposes and as a foods (Miret al., 2013). 

2.3 The Fourier Transforms Infrared (FTIR) Spectroscopy 

 Different techniques could be used to estimate the occurrence of phytochemicals in 

plants. The most commonly used techniques for this purpose such as Spectroscopy and 

Chromatography. The other methods used for the determination of phytoconstituents in 

medicinal plants such as liquid (LC) chromatography, NMR, gas (GC) and liquid (LC) 

chromatography  Yuehao and Yuegang Zuo.2009; Yuehao et al., 2008.Spectroscopic (FT‐IR) 

method is useful for  the detection of functional groups ofphytoconstituents (Ibrahim et al., 

2010). 

 Different formulations and investigation of synthetic mixtures is done by using 

Molecular absorption spectroscopy but some disadvantages of this technique that many 

bioactive compound fascinate in UV area and demonstration strappingly overlain bands that 

hinder their instantaneous resolve. 

 Compositional and structural information about plant bioactives can be obtained by the 

Fourier Transform Infrared (FTIR) spectroscopic analysis (Kogel, 2000). The Fourier 

Transform Infrared (FTIR) is a traditional time usable technique to describe and examine 

microbes and display biotechnological procedures (Grube et al., 2008). 

2.4. DNA Damage Due to Oxidative Stress 

2.4.1 Oxidative stress 

 In oxidation process, free radical formation occurred such as hydrogen peroxides, 

hydroxyl, nitric oxide, Ozone, reactive oxygen species (ROS) and reactive nitrogen species 

(RNS).  Both  RNS and ROS developed oxidative stress could damage the nucleic acids, 

protein, cell membrane and fats. Nature has awarded every cell suitable defensive appliances 
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against several damaging possessions of free activist usually identified as antioxidant 

protection device. If antioxidant defensive mechanism failed against, free radical formation 

caused  several  diseases such as diabetes mellitus, cancer, Alzheimer’s Parkinson’s disease, 

cardiac aging and neurodegenerative diseases (Devasagayam et al., 2004).Free radical 

formation due to oxidative stress in cells prevented by antioxidant defensive mechanism by 

neutralizing the free (reacting with free radical) radical by discontinuing the oxidation 

process.(Shahidi and Wanasundara., 1992) The oxidation process can be prevented when 

antioxidant reacting with catalyzing activity, oxygen scavenging activity and chelating 

activity (Buyukokuroglu et al., 2001). Recently in pharmaceutical applications medicinal 

plants used due to economic viability and low toxicity. The traditionally medicinal plants 

used in pharmaceutical manufacturing because phytochemicals containin tannis, flavonoids 

and phenolic compounds. Medicinal plant containing secondary metabolites such as 

alkaloids, flavonoids, and tannins possess the antioxidant activity that prevented against free 

radical formation (Kirmizibekmez et al., 2009). These bioactive compounds can be used as 

natural drug against many diseases.  

2.4.2 Medicinal plants repair DNA (repair mechanism) 

 In medicinal plants, DNA damage occurred due to UV radiation.  DNA damage 

prevents the medicinal plants.The DNA mutations leads to transcription and repitation 

process. The medicinal palnts used for human being to prevent physical trauma. The 

medicinal plants restrict the trauma and helpful in medical setting.The medicinal plants 

extracts are imperil to terrestrial ultra violet (UV) radioactivity widely. They obligation 

unavoidably, then own intrinsic approaches to avoid and restoration DNA impairment. The 

medicinal plants are re-established to captivate the high vitality UV energy concluded 

numerous photon engrossing erections, they are quiet at great danger for oxidative alteration 

of DNA. The medicinal plants extracts are used to repair DNA damage induced by UV 

radiation.  The Repair mechanisms (DNA damage) are very effective for the transmission of 

hereditary material from parental to offspring cell and accordingly the existence of the type 

(Schmitz-Hoerner and Weissenbock, 2003).The toxic effects of DNA damage could be 

minimizing by using medicinal plant extracts such recombination and trans-lesion synthesis 

due to their active repair paths. These paths contain mismatch repair, nucleotide excision 
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repair, photo reactivation and base excision repair (Kimura et al., 2004). DNA damage 

reverse in Plants and other organisms may be due to use light vitality (UV and observable).  

2.5. Essential Oils  

2.5.1. Essential Oils  

 The essential oil is defined as scented combination of liquids that obtained from the 

distillation of fragrant plant materials (Burt, 2004). Essential oils are odorless and fragnant 

substance or mixtures. 

2.5.2 Sources of Essential Oils 

 The essential oils are obtained from almost 2000 plant species from and sixty diverse 

families (Van de Braak and Leijten, 1999). But hundered (100) species are responsible for 

economically imperative manufacture of essential oils in whole world. The Gymnosperms 

and Angiosperms both contain high quality of essential oil but commercially important oil 

obtained Angiosperms.Essential oil and aromatic material (Burt, 2004; essTeixeira da Silva, 

2004; Celiktas et al., 2007). Belong to different families (Hammer et al., 2006; Hussain et 

al., 2008; Anwar et al., 2009a). Essential oils obtained from  different  parts of plants such as 

root (ginger), berries(pimento), grass (citronella), flowers (jasmine and rose), (Dang et al., 

2001; Sood et al., 2006), bark (cinnamonn), leaves (cedar, basil and patchouli), (Hussain 

etal., 2008), fruits (fennel, mandarin), seeds (caraway), wood (amyris), heartwood (cedar) 

and twigs (clove stem),  ( Burt 2004; Cava et al., 2007). 

2.5. 3 Factors Affecting Essential Oil Accumulation 

 No. of Factors that helpful to determine the yield and composition of the oil obtained. 

It is difficult to separate out these factor from each other (Terblanche, 2000), since no. of 

factor difficult to separate out these factors from each other (Hussain et al., 2008).These 

factor may include such as genetic variation, seasonal, geographical origin, growth stage, 

drying and storage and plant part used and maturity variation etc (Marotti et al. 1994; Anwar 

et al., 2009b). 

 2.5. 4.  Isolation of Essential Oils 

 A number of methods used to isolate essential oils but most commonly used these 

methods such as Hydrodistillation, steam distillation, solvent extraction and supercritical 
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distillation (Whish, 1996; Masango, 2004).For the isolation of essential oil most commonly 

used method is steam distillation and Hydrodistillation from plant materials (Houghton and 

Raman, 1998). In steam distillation vapour pressre exert when to two immiscible liquid mix 

but both liquid were pure.  In this procedure total vapour pressure and partial pressure must 

be equal of boiling mixture (each component). The mixture starts to boil, and then total 

vapour pressure must be equal reaches atmospheric pressure.When boiling point of invidual 

component of mixture is going towards lower temperature. Steam distillation is also 

important method for the isolation of essential oil, steam distillation used segregate volatile 

compound from non-volatile compound. In this method avoid extreme temperature and also 

reduction in boiling point (Baker et al., 2000; Donelian et al., 2009).  One plus point of this 

metds is that atmospheric oxygen (O2) replaces the stem which helpful to protect oxidation 

(Krell, 1982). Thermally labile components and hydrolysable compounds (ester) in this 

process (distillation) might be decomposed (Houghton and Raman, 1998).  One more 

drawback of this method is that more polar constituents lose miht be its higher affinity 

towads water (Baker et al., 2000; Masango, 2004). Steam distillation is commercially used 

popular method in this process 93% essential oil produced but not used in laboratories 

(Masango, 2004). In this procedure, used distillation vessels and steam generator but not 

available on large scale. The essential oil obtained from most herbs used in laboratories 

(Kulisic et al., 2004) and preferable mthod is hydrodistillation in Clevenger-type apparatus 

(Sokovic and Griensven, 2006; Hussain et al., 2008). In hydrodistillation methods, the herb 

and plant material is immersed in water, external heat source used for boiling. Steam 

distillation and hydrodistillaion (both methods) techniques, the oil segregate from aqueous 

phase when vapours are condense (Houghton and Raman, 1998). If condensation is proper, 

prevent the loss of voltalie from the mixture. 

 There are many reports available in literature that proves the significance of steam 

and hydrodistillation processes. In hydro-distillation process the plant material (herbs) and 

water are combined and then both things boil together. In this process, the hot water come 

out and carried to condenser and cooled then hydrosol and oil. In this method more complete 

and fine product is obtained and hot watr is collar and less harm the plant material as 

compared with steam distillation (Ackerman, 2001). Charles and Simon (1990) suggested 

that steam distillation is more efficient method as compared with hydroditillation for removal 
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of oil from the plant material.  They demonstrated that steam distillation is efficient method 

and gave more yield as compared to hydrodistillation.They also found tha the 

hydrodistillation is a eapid and simpler method for oil segregation.  Whish (1996) compared 

the both method such as steam distillation and hydrodistillation and proved that same yield 

were obtained from both methods and plant material used in both methods were Melaleuca 

alternifolia (tea tree), Khanavi et al., (2004) observed that bessential oils obtain from S. 

byzantine and Stachys used steam and hydrodistillation and better yield of oil were obtain 

from hydrodistillation.  Sefidkon et al. (2007) used different method for the isolation of oil 

such as hydro and water-steamdistillation, he used plant material (Satureja rechingeri) and 

obtain more yield from hydrodistillation less from steam distillation (Sefidkon et al. 2007). 

Terblanche et al. (1998) used microwave  and  hydrodistillation methods for the segregstion  

of the oil  (Lippa scaberrima) and no significant difference were found in the composition of 

essential oil but more yield were obtained from hydrodistillaion as compared to microwave 

distillation. Many authors compared the composition of different oil by using different 

methods such as steam and hydrodistillation but they found that steam/hydrodistillaton oil 

contained greater % percentages of terpene hydrocarbons. Higher % of oxygened compounds 

was obtained by using super critical extracted oil (Reverchon, 1997; Donelian et al., 2009).  
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Chapter-3 

MATERIAL AND METHODS 

  In the present study, the research work was composed of two phases; 1st phase: study 

on medicinal plants and 2nd phase study on experimental animals: In first phase, we had 

reviewed the literature extensively for the selection of medicinal plants regarding the iron 

chelating potential and capabilities. The following medicinal plants were selected from local 

heritage having local names as amrood, green tea, turmeric and khatti and the generic names 

as psidium guajava, Camella sinesis, Curcuma longa and Citrus aurentifolia 

respectively.Extraction of these plants was done by following recommended methods and 

protocols through different solvents. Extraction of essential oils of these plants was also 

carried out by standard methods. Extracts of selected medicinal plants were evaluated to 

study the potential of antimicrobial, antioxidant, cytotoxicity of extracts and essential oil 

activities along with phytochemical screening of Psidium guajava, Camellia sinenis, 

Curcuma longa and Citrus aurentifolia.The characterization and identification of essential 

oils were also carried out by GC-MS technique. The fingerprinting of bioactive molecules of 

chosen medicinal plants extracts were analyzed by using the FT-IR technique. The 

permission was granted by synopsis scrutiny committee of the Department of Biochemistry 

for the use of animals during the research study.  Experimental animal were overloaded with 

iron through oral route with iron sulphate (FeSO4) and intravenous route with iron sucrose. 

Following biochemical parameters as ferritin, AST, ALT, ALP, Billirubin total, billirubin 

direct, billirubin indirect, albumin, total protein, Gloublin, A/G ratio and IgG were selected to 

observe the impact of iron over load with different interval of time during 

theexperimentation.Sampling of blood for biochemical markers and soft organs for 

histopathological study were done according to standard protocols and procedures at 

different phases during the experimentation. The research was conducted in Eman diagonistic 

laboratories Lahore, Shalimar hospital Lahore, Ali Zaib foundation trust Madina town 

Faisalabad, Hilal-e-Ahmer Red Cresent Faisalabad, District head quarter hospital (DHQ) 

Faisalabad, Zenat laboratories Faisalabad, Al–Khadamat Laboratories Faisalabad, National 

Center of Excellence in Analytical Chemistry (NCEAC), University of Sindh, Jamshoro, 

Pakistan. Bio-Medical labs.and Protein Molecular Biology Labs. Department of 
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Biochemistry, University of Agriculture, Faisalabad, under a grant from Higher 

EducationComission,Government of Pakistan. Detailed strategies and layout for conducting 

the experimentation was adopted as under:  

1st Phase: Medicinal plants 

Materials 

Bacterial strains 

a) Escherichia coli 

b) Bacillus substilus 

c) Staphylococcus aureus 

d) Pasterulla multicoida 

Fungal strains  

a) Aspergillus niger 

b) Aspergillus falvas 

c) Fusarium  solani 

These strains were characterized from the Department of Veterinary Microbiology, 

University of Agriculture and Faisalabad Pakistan. These pathogenic strains were used to 

determine the antimicrobial activity of the plants extracts and essential oils. 

Leaves and rhizomes of medicinal plants 

The medicinal plants were selected on the basis of intensive review and ethno pharmacologic 

characters. Leaves were collected from botanical garden, Department of Botany, University 

of Agriculture, Faisalabad and rhizomes were purchased from local market of Faisalabad. 

The selected parts were identified at department of Botany, University of Agriculture, 

Faislabad, Pakistan. Selected specimens were carefully analyzed and stored in polyethylene 

bags at room temperature. Their number (N1, N2….) scientific and local names are listed 

below. 

Scientific name of medicinal plantLocal name 

N1: Psidium gujava                                                               Amrood 

N2: Camellia sinenis                                                              Green tea 

N3: Curcuma longa                                                                Turmeric 

N4: Citrus aurentifolia                                                             Khatti 

                                                                                (Prajapati et al., 2003; Sadeek et al., 2010) 
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Chemicals 

The chemicals were of high quality from the chemical companies like Sigma-Aldrich, Fluka, 

Oxoid, Merck, Pharmacia and ICN. 

Instruments 

The instruments used for different processes during the study with their company are as 

follows. 

Sr.No. Name of Instrument Manufacturing Company 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Blender 

Autoclave 

Laminar air flow 

Incubator 

Electric Balance MP – 300 

Orbitrary Shaker 

Magnetic Stirrer 

Clevenger-apparatus 

Soxhlet-apparatus 

Rotary vacuum evaporator 

Micropipette Set 

Centrifuge H – 200 NR 

Spectrophotometer U – 2001 

Ultra low freezer 

Microdilution plates 

Water Bath 

Electrophoresis System 

Gel documentation system  

Mamrelax, Fait Common, France 

Omron, Japan 

Dalton, Japan 

Sanyo, Germany 

Ohyo, Japan 

GallenKamp, England 

GallenKamp, England 

GallenKamp, England 

Oxoid, USA 

N-N Series, Eyela, Rikakikai Co. 

Gilson, FS-1003, Switzerland 

Kokusan, Japan 

Hitachi, Japan 

Sanyo, Germany 

Sanyo, Germany 

Memmert, Japan 

BioRad, England  

SynGene, England 

 

3.1: Extracts of rhizomes and leaves of medicinal plants were processed in 

different solvents 

The leaves and rhizome of medicinal plants were made dirt free by washing with tap water 

and then distilled water, dried to remove excess moisture and cut to a uniform small size 

pieces. The dried and ground leaves and rhizome of Curcuma longa, Camellia sinenis ,Citrus 
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aurentifolia and Psidium guajava were extracted by taking 20g of each plant sample, mixed 

it 200ml of n-hexane, ethyl acetate, Chloroform, ethanol, methanol, acetone and aqueous 

(solution) respectively. Then all samples were placed in orbitrary shaker (GallenKamp, UK) 

for 24 h at room temperature and 120 rpm. The residues were discarded and supernatants 

separated and filter to remove particles. The Filtrates were stored at 4 °C in 100 ml sterilized 

bottles (Terras et al., 1993) 

3.2: Isolation of oils from rhizomes and leaves of the plants. 

One hundred grams of leaves and rhizomes were taken and hydro-distilled for 4 h , 

using a Clevenger-type apparatus (Anonymous, 1996). The sample containing oil contents 

after hydro-distillation was dehydrated by adding anhydrous sodium sulphate. 

Oil percentage (%) = Wt. of oil extracted/Wt. of sample x100 

The distilled essential oils were dried over anhydrous sodium sulphate, filtered and stored in 

sealed vials at 4 °C, prior to further analysis. 

3.3: Phytochemical Screening 

 Analysis for identification of the major phytoconstituents was carried out as follow: 

3.3.1: Detection of Alkaloids: 

 The extract for the detection of alkaloids were prepared by adopting the following 

methods of (1) Convener and Fitzgerald (1993) and (2) Brain and Turner (1973). 0.5gm 

ground plant material of the plant was made into slurry by grinding it with 1gm of sand and 

10 ml of chloroform. The slurry was made acidic with 5ml of 2 N H2SO4 and then filtered. 

The filtrate was made alkaline with 5ml of 2N NaOH and centrifuged for 15 minutes. The 

upper aqueous layer was removed with a dropper and tested for its (potassium bismuth iodide 

Harborn, 1973) alkaloid contents with dragendrof reagent, Mayer’s (potassium mercuric 

iodide) and Wagner’s reagent. Turbidity or precipitation with these reagents indicated the 

presence of alkaloids. 

3.3.2: Detection of Glycosides: 

STAS-OTTO Procedure (for testing glycosides) 

 5gms of the powdered plant material was boiled with 30 ml of 70% ethyl alcohol and 

filtered then 5-8 ml of 4% lead sub-acetate solution was added till no further precipitation 

took place. The pigments were precipitated. Filtered added 0.5 to 1ml lead sub-acetate 

solution to 2ml of the filtrate. Excess of lead sub-acetate was removed by adding 15ml of 
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distilled water saturated with H2S gas. The black ppt. of Pbs thus removed by filtration. To 1-

2ml of filtrate was added 0.5 ml of distilled water saturated with H2S gas. This lead sub-

acetate free filtrate was concentrated to 5ml by heating on an electric hot plate. To this (5ml) 

concentrated filtrate was added Benedicts and Fehling’s solution separately. Red ppt. 

indicates the presence of glycosides (Brain and Turner, 1975). 

3.3.3: Detection of Flavonoids 

 For this purpose, methods described by Siddiqui and Ali (1997) were followed: 

 Shinoda test: 

Plant powdered material was boiled with 80% alcohol (50ml) for ten minutes and filtered. 

After cooling, small pieces of magnessium ribbon was added, followed by addition of 

concentrated hydrochloric acid (3ml) drop wise. 

 Ammonia test: 

 A filter paper dipped in an alcoholic solution of flavonoids was exposed to vapours of 

ammonia solution. 

3.3.4: Detection of Steroids and Triterpenoids 

 The methods adopted were those developed by Segal (1960) and Harbone (1973) and 

later modified by Siddiqui and Ali (1973). 

I. Salkovaski test: 

To the chloroform solution of plant material (1 g plant material is taken in 30 ml 

chloroform and boil in water for 10 min. and filter it.) 84% Sulphuric acid 2 ml was added. 

II. Liebermann burched test: 

Added few drops of acetic anhydride and 1 ml of concentrated sulphuric acid to the 

chloroform extract of plant material. 

III. Antimony Chloride test: 

A saturated solution of antimony chloride in chloroform containing 20 % acetic 

anhydride was added to chloroform solution of the material and the reaction mixture was 

heated then for ten minutes. 
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3.3.5: Detection of Tannins: 

The methods adopted were described by Siddiqui and Ali (1997). To an alcoholic 

solution of plant material, added of solution of ferric chloride slowly. After that dilute 

Sulphuric acid was added in it drops wise to check the presence of Tannic acid. 

3.3.6: Detection of Saponins: 

To an alcoholic solution of saponins few drops of sodium bicarbonate solution were 

added and then reaction mixture was shaken well (Siddiqui and Ali, 1997). 

3.3.7: Quantitative Estimation of Phytochemicals: 

After quantitative analysis of various phytochemicals, their extraction from plant 

material was carried out for quantitative estimation. 

3.3.7.1: Extraction of Crude Alkaloids: 

10gm of the powdered plant material was weighed accurately and made a paste with 

5% sodium carbonate solution. The material was transferred to a flask, added 50 ml of 

chloroform and reflux for 20 minutes, cooled and filtered and transferred the filtrate to a 

separator. Added 20 ml of 5 % sodium carbonate solution and agitated gently for 5 minutes. 

Took of the chloroform layer and reduced to volume to 5 ml by distillation. Added 25 ml of 1 

% H2SO4 and extracted 2-20 ml volume of chloroform and separated the aqueous phase, 

made alkaline with ammonium hydroxide and extracted with successive 10 ml portion of 

chloroform. Combined with chloroform layers and washed with 5 ml of water and reduced 

the volume to 5 ml by distillation. Added 2 ml of absolute alcohol to the residue and 

evaporated to dryness at 100°C.  

% yield of alkaloid = Weight of alkaloid obtained/Total weight of sample x 100 

3.3.7.2: Extraction of Flavonoids: 

20gm of powdered plant material was added to a flask containing 100 ml of 

petroleum ether. It was refluxed for 1 h at temperature 10-60°C and filtered while hot. The 

residue was dried at 20°C and 100 ml of methanol was added. Again reflux for 2hrs and 

filtered. The filtrate was evaporated to a gummy material and %age of crude flavonoids was 

calculated. 

% yield of flavonoids = Weight of flavonoids obtained/ Total weight of sample x 100 
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3.3.7.3: Extraction of Tannic Acid: 

The method described by Hagerman (1996) was followed in which an aqueous 

organic solvent, that is, 70% acetone and 30% water was employed for extraction. 

Purification was carried out in order to remove pigments and phenol. 

% yield of tannic acid = Weight of tannic acid obtained/ Total weight of sample x 100 

3.3.7.4: Extraction of Saponins: 

 The extraction was carried out by following the procedure described by Sharma et al., 

(1982).  

Following reagents were employed: 

 Petroleum ether 

 Methanol 

 The finely ground plant material was defatted in a soxhlet extractor using 200 ml 

petroleum ether as a solvent. The extraction was carried out by 6 hours at a temperature 

not above than 60°C. The residue was kept in open air night so that solvent could be 

evaporated. The defeated, solvent free material was placed again in the thimble of soxhlet 

extractor and 200 ml methanol was used as a solvent for extraction of crude saponins. 

The process was continued until the extraction became colorless indicating the complete 

extraction of crude saponins. The solvent was removed until the constant weigh was 

obtained. Frothing property as well as hemolytic activity identified the yield of crude 

saponins. 

% yield of saponins = Weight of saponins obtained/ total weight of sample x 100 

3.3.7.5: Extraction of Crude Glycosides:  

         The pigment and lead sub-acetate free alcoholic extract obtained exactly in the same 

manners as by Stat-Otto procedure, was evaporated in pre weighed china dish on water bath. 

The weight of dry glycosides thus obtained gave the %age of crude glycosides in the sample. 

 % yield of glycosides = Weight of glycosides obtained/ Total weight of sample x 100 

3.4: Fourier transforms infrared study of phytochemicals extracted from 

selected medicinal plants 

The alkaloids, flavonoids and saponins extract were used for the Fourier transform infrared 

FTIR spectrophotometer analysis, the extracts were centrifuged at 3000 rpm for 10 min and 

filtered through Whatmann No. 1 filter paper by using high pressure vacuum pump. The 
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sample is diluted to 1:10 with the same solvent. The extracts were scanned in the wavelength 

ranging from 200-1100 nm using Perkin Elmer Spectrophotometer and the characteristic 

peaks were detected. FTIR analysis was performed using Perkin Elmer Spectrophotometer 

system, which was used to detect the characteristic peaks and their functional groups. The 

peak values of the FTIR were recorded. Each and every analysis was repeated twice for the 

spectrum confirmation (Mahesh and Satish, 2012). 

3.5:  Gas chromatography/mass spectrometry (GC-MS) analysis 

 GC–MS analysis of the essential oils was performed using an Agilent-Technologies 

(Little Falls, California, USA) 6890N Network gas chromatographic (GC) system, equipped 

with an Agilent-Technologies 5975 inert XL Mass selective detector and Agilent-

Technologies 7683B series auto injector. Compounds were separated on HP-5 MS capillary 

column (30 m x 0.2 mm, 63 film thickness 0.25 μm; Little Falls, CA, USA). A sample of 1.0 

μL was injected using the split mode (split ratio 1:100). For GC/MS detection, an electron 

ionization system, with ionization energy of 70 eV, was used. Column oven temperature 

program was the same as previously used in GC analysis. Helium was used as a carrier gas at 

a flow rate of 1.5 mL min-1.  Mass scanning range was 50 –550 m/z while injector and MS 

transfer line temperatures were set at 220 and 290ºC, respectively. 

3.5.1:  Compounds identification 

 The identification of the components was based on comparison of their mass spectra 

with those of NIST mass spectral library (Masada, 1976; Mass Spectral Library, 2002), and 

those described by Adam (2001), as well as on comparison of their retention indices either 

with those of authentic compounds or with literature values (Adam, 2001; Mimica-Dukic et 

al., 2003; Vagionas et al., 2007). 

3.6: Antioxidant Potential of Plant Extracts  

 Antioxidant activities of medicinal plants were checked by using standard methods (Hanif 

etal., 2011). 

3.6.1: DPPH radical scavenging assay 

 The antioxidant activity of the Psidium guajava, Camellia sinenis, C.longa and C. 

aurentifolia extract were assessed by measuring their scavenging abilities to 2, 2-diphenyl-1-

picrylhydrazyl stable radicals. The DPPH assay was performed as described by (Bozin et al., 

2008). Antioxidant activity was determined by scavenging of the radical 2, 2-diphenyl-1-
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picrylhydrazyl (DPPH) as described by (Bozin et al., 2008). The 50 µL aliquot of various 

concentrations (0.1, 10, 20, 30 µg/ml) of the extracts was added to 5ml of a 0.004% methanol 

solution of DPPH. After a 30 min incubation period at room temperature, the absorbance was 

read against a blank at 517nm. Butylated hydroxyl toluene (BHT) was used as a positive 

control. For each sample, three replicates were recorded. The disappearance of DPPH was 

read at 517nm using Micro plate ELISA Reader (BioTek, USA). Inhibition of free radical by 

DPPH in percent (%) was calculated in the following way: 

                                  I % = (Ablank – Asample/ Ablank) x 100 

  Ablank is the absorbance of the control in reaction mixture without the test 

compounds; Asample is the absorbance of the test compounds. IC50 values which represented 

the concentration of extracts that caused 50% neutralization of DPPH were calculated from 

the plot of inhibition percentage against concentration. The assay was carried out in 

triplicate. 

3.6.2: Determination of reducing power 

 The reducing power of extract was determined according to the procedure described 

by Yen et al., (2000) using different concentration 2.5, 5, 7.5,10 and 12.5. 100 µL of solution 

was mixed with sodium phosphate/potassium phosphate buffer (5.0 ml, 0.2 M, pH 6.6) and 

potassium ferricyanide (5.0ml, 1.0%); the mixture was incubated at 50°C for 20 min. Then 5 

ml of 10% of tricholoro-acetic acid was added and centrifuged at 1000 rpm (10 min at 5°C) 

in refrigerated centrifuge. The upper layer of the solution (5.0 ml) was diluted with 5.0 ml 

distilled water and ferric chloride (1.0 ml, 0.1%) and absorbance read at 700nm. The 

experiment was performed thrice and results were on average based. 

3.6.3: Total Phenolic Content (TPC) 

Total phenols were determined by Folin Ciocalteu reagent (McDonald et al., 2001). A dilute 

extract of each plant extract (0.5ml of 1:10 g ml-1) or gallic acid (standard phenolic 

compound) was mixed with Folin Ciocalteu reagent (5 ml, 1:10 diluted with distilled water) 

and aqueous Na2CO3 (4 ml, 1 M). The mixtures were allowed to stand for 15 min and the 

total phenols were determined by colorimetry at 765 nm. The standard curve was prepared 

using 0, 50, 100, 150, 200, 250 mg L-1 solutions of Gallic acid in methanol: water (50:50, 

v/v). Total phenol values are expressed in terms of Gallic acid equivalent (mg/100 g of dry 

mass), which is a common reference compound. 
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Fig. 3.1: Standard curve for total phenolic contents using Gallic acid as standard 

3.6.4: Total Flavonoid Content (TFC) 

Aluminum chloride colorimetric method was used for flavonoids determination (Chang et 

al., 2002). Each plant extracts (0.5 ml of1:10 g ml-1) in methanol were separately mixed with 

1.5 ml of methanol, 0.1 ml of 10% aluminum chloride, 0.1 ml of 1 M potassium acetate and 

2.8 ml of distilled water. It remained at room temperature for 30 min; the absorbance of the 

reaction mixture was measured at 510 nm with a double beam Perkin Elmer UV/Visible.  

The calibration curve was prepared by preparing catechins solutions at concentrations 12.5 to 

100 mg/100g in methanol. 
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Fig. 3.2: Standard curve for total flavonoids contents using catechin as standard 

3.7:  Antioxidant activity of extracts and Essential oils from Psidium guajava, Camellia 

sinenis,Curcuma longa and Citrus aurentifolia 

         The leaf and rhizome of Psidium guajava, Camellia sinenis,Curcuma longa and Citrus 

aurentifolia were washed with liquid nitrogen and obtained the fine powder. Then it was 

soaked in methanol to remove methanol soluble contents. The mixture was filtered 

evaporated and the resuspended in concentrated used as extracts. Methanolic extracts and 

essential oils were used in this method. 

3.7.1:  Antioxidant activity against DNA damage induced by H202 

The assay was performed according to the method of (Keum et al., 2006).The reaction 

mixture (30ul) contains 10Mm Tris – HCL in 1Mm EDTA buffer , pH (8.0) Pbr322(0.3ug) 

and H202 (0.04), the fixed amount of essential oils, the test extracts samples dissolved in 10µl 

of methanol (20µl) were added prior to H202 addition. Hydroxyl radical were generated by 

irradiation of the reaction mixture at a distance of 5cm with 12 watt ultraviolet (UV) lamp, 

after incubation at room temperature for 20 min. The reaction was terminated by loading the 

reaction mixture by making 0.8% agarose gel at 70 EV for 1 h. The reaction mixture was 

arranged in following lane; Native pBR322 without any treatment ( Lane 1) pBR322 was 

exposed to  UV alone ( Lane 2) pBr322  plus H202 ( Lane 3 ) pBR322 plus H202 Plus UV ( Lane 

4) pBR 322 Plus H202 plus extract ( Lane 5 ) pBR 322 plus H202 plus extract ( Lane 6 ) pBR 322 
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plus UV plus extract ( Lane 7) pBR322 Plus UV  Plus extract ( Lane 8 ) pBR322 plus H202 Plus 

UV Plus extract (Lane 9) pBR 322 plus H202 Plus UV plus extract ( Lane 10). 

3.8:  Antimicrobial Assay of Medicinal Plant Extracts (antibacterial assay) 

3.8.1: Bacterial growth medium, cultures and inoculum preparation: 

Pure cultures were maintained on nutrient agar medium in slants and petri plates. For 

the inoculum preparation 13 g/L of nutrient broth (Oxoid) was suspended in distilled water, 

mixed well and distributed homogenously. The medium was autoclaved at 121°C for 15min. 

Loop full of pure culture of a bacterial strain was mixed in the medium and placed in shaker 

for 24 hours at 37°C. The inocula were stored at 4°C. The inocula with 1×108CFU/ml were 

used for further analysis. 

3.8.2: Antibacterial assay by disc diffusion method: 

 Nutrient agar (Oxoid, UK) 28 g/L was suspended in distilled water, mixed well and 

distributed homogenously and sterilized the medium by autoclaving at 121°C for 15 min.  

Before the medium was transferred to sterilized Petri plates; inoculum (100 µL/100ml) was 

added to the medium and poured in sterilized petri plates. After this, 6mm wicks of paper 

were laid falt on the growth medium containing 100 µL of extract. The petri plates were then 

incubated at 37°C for 24 hours, for the growth of bacteria. The extracts having antibacterial 

activity, inhibited the growth and clear zone were formed. The zone of inhibition  were 

measured in millimeters using zone reader (Haung et al., 2000 ; Rehman et al., 2001 ; Radev 

et al., 2009 ; Hanif et al., 2011). 

3.8.3:   Antibacterial assay by streak plate method 

3.8.3.1: Preparation of Nutrient agar plates 

About 60-70 ml of nutrient agar (Oxide) 28 g/L was suspended in distilled water, 

mixed well and distributed homogenously. Sterilized the medium by autoclaving at 121°C 

for 15 min. Nutrient agar was then cooled at 45°C and added to pre-sterilized Petri plates 

(150 mm) and allowed to solidify. Solidified Nutrient agar plates were taken and paper wicks 

were used for the extract to be added (6 mm diameter). 

3.8.3.2: Determination of antibacterial activity 

 A Petri plate was taken for each extracts and 100µL was poured in the well with the 

help of a sterilized micropipette. Then the culture of bacteria was streaked one by one from 

center to the periphery of the petriplate radially of the well with the help of inoculating loop. 
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The petri plates were incubated at 37°C for 24 hours. The inhibition zone diameters (mm) 

were observed and recorded. 

3.9: Antifungal assay 

3.9.1: Growth medium, culture and inoculum preparation 

 Pure cultures of the fungi were maintained on sabouraud dextrose agar (SDA) 

medium in slant and petri plates that were pre-sterilized in hot air oven at 180°C for 3 h. 

These cultured slants were incubated at 28°C for 3-4 days for the multiplication of fungal 

strains. The inocula of fungal strains were prepared by pressurized addition of 1% glucose 

solution to the slants with the help of sterilized syringe. The spores were mixed well with 

glucose solution with the help of sterilized glass rod to form fine suspensions that were used 

for further growth. Chloramphenicol solution was used as antibiotic in the medium to avoid 

the bacterial contamination.  

3.9.2: Antifungal assay by disc diffusion method 

 The prepared sterilized growth medium was transferred to the sterilized petri 

plates.(25ml).Chloramphenicol solution, 100 uL per 30 ml of growth medium to make it 

selective for fungal growth ( Emmons et al., 1970) and inoculum, 200 uL per 30 ml of 

growth medium was added. The petri plates were then incubated at 28°C for 48 hours, for the 

growth of fungus. Small filter paper discs were laid flat on growth medium having fungal 

growth, and 100 µL of extract was applied on each disc. The petri plates were again 

incubated. The extracts having antifungal activity exhibited clear zones around the discs. The 

zones of inhibition were measured in millimeters using zone reader (Haung et al., 2000; 

Rehman et al., 2001; Radev et al., 2009; Hanif etal., 2011). 

3.9.3: Antifungal assay by streak plate method 

3.9.3.1: Preparation of Potato Dextrose agar plates 

About 60-70 ml potato dextrose agar (Oxoid, UK) 39g/L was suspended in distilled 

water, mixed well and distributed homogenously. Sterilized the medium by autoclaving at 

121°C for 30 min and 15 lb. Potato dextrose agar was then cooled to 45°C and added to pre-

sterilized Petri plates (150 mm) and allowed to solidify. 
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3.9.3.2: Determination of antifungal activity 

 Whattman No. 1 filter paper was used to cut 6 mm size paper wicks by a punching 

machine. These discs were sterilized at 121°C for 30 min and 15 lb. At the center of 

petriplate a disc was positioned and then 100 µL extract of each sample was soaked on the 

disc. Then 3-4 days old cultures of fungal strains were streaked one by one over the media 

plates radially. The petri plates were incubated at 28°C for 2-3 days. The inhibition zone 

diameters (mm) were observed and recorded. 

3.10.4.1 Micro-dilution broth susceptibility assay 

For minimum inhibitory concentration (MIC), a micro-dilution broth susceptibilityassay was 

used, as reported in NCCLS (1999). Essential oils were solubilized indimethylsulfoxide 

(10% DMSO) then diluted in culture media for use. Dilutions series wereprepared from 0.01 

to 30.0 mg mL-1 of the essential oils in a 96-well microtitre plate, includingone growth 

control, solvent control and one sterility control. 160 μL of nutrient broth andsabouraud 

dextrose broth for bacteria and fungi, respectively were added onto microplates and20 μL of 

test solution. Then, 20 μl of 5 x 105 cfu/ml (confirmed by viable count) of 

standardmicroorganism suspension were inoculated onto microplates. Plates were incubated 

at 37 ºC for24 h for bacteria, and at 30 ºC for 48 h for fungi. Amoxycillin (1.0 mg/mL in 10% 

DMSO) wasused as a positive control for bacteria while Flumequine (1.0 mg/mL in 10% 

DMSO) andFluconazole (1.0 mg/mL in 10% DMSO) were for fungi. The growth was 

indicated by thepresence of a white ‘‘pellet’’ on the well bottom. The MIC was calculated as 

the highest dilutionshowing complete inhibition of the test strains. 

3.10.4.2 Resazurin microtitre-plate assay 

Modified resazurin microtitre-plate assay was also used for the measurement of MIC of 

some medicinal plants extracts as reported by Sarker et al. (2007). Briefly, a volume of 100 

μL of 5mg/mL(w/v) plants extracts solutions in 10% DMSO (v/v) and standard antibiotic (1 

mg/mL in 10%DMSO) was pipetted into the first row of the 96 well plates. To all other wells 

50 μL of nutrientbroth was added. Two fold serial dilutions were performed using a 

multichannel pipette such thateach well had 50 μL of the test material in serially descending 

concentrations. 30 μL of 3.3xstrength isosensitised broth and 10 μL of resazurin indicator 

solution (prepared by dissolving270 mg tablet in 40 mL of sterile distilled water) were added 

in each well. Finally, 10 μL ofbacterial suspension was added to each well to achieve a 
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concentration of approx 5 × 105 cfu mL- Each plate had a set of controls: a column with a 

ciprofloxacin as positive control, a columnwith all solutions with the exception of the test 

compound, a column with all solutions with theexception of the bacterial solution adding 10 

μL of nutrient broth instead and a column with 10%DMSO (v/v) solution as a negative 

control. The plates were prepared in triplicate.Plates were enfolded loosely with cling film 

and incubated at 37 °C for 24 h. The colorchange was then assessed visually. The growth 

was indicated by color changes from purple topink or colorless. The lowest concentration at 

which color change occurred was taken as the MICvalue. 

3.10.4.3 Determination of minimum bactericidal concentration (MBC) of 

Medicinal plants extracts 

The wells showing complete absence of growth in the MIC assay were identified and 10μL 

mixtures from each well were transferred to nutrient agar plates (Celiktas et al., 

2007).Theagar plates were incubated at the same time and temperatures, as in disc diffusion 

assay. Thecomplete absence of growth on agar plates was considered as the MBC. 

 3.10:  Cytotoxicity activity of medicinal plants  

3.10.1 Haemolytic Assay 

Haemolytic assay was performed for the crude extract as per the standards followed by Wang 

et al., 2008, with some modifications. The cytotoxicity was studied by examining haemolytic 

activity against human red blood cells (RBCs) using Triton X-100 as positive control. The 

percentage lysis evaluated by comparing the absorbance of sample and the Triton X-100. The 

positive control showed about 100% lysis, whereas the phosphate buffer saline (PBS) 

showed no lysis of RBCs.When the effects of extracts of the plant were compared with the 

controls,different % lysis of RBCs caused by plant samples was observed, such as methanol 

extract (0.91 ± 0.02), ethanol (0.87± 0.01) and Aquous(0.65 ± 0.01) respectively. The 

mechanicalstability of the membrane of red blood cells (RBCs) is a good indicator to 

evaluate in vitro the effects of various compounds when screening for cytotoxicity. 

3.10.2:  Brine Shrimp Assay 

Brine shrimp assay was performed according to the reports Meyer et al. (1982). Briefly, 

stock solutions“(40 mg/mL) of all extracts were prepared in DMSO”. Different levels of 

concentrations (25, 50, 75, 100 µg/mL) were prepared by drawing different volumes from the 
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stock solutions and then added into vials, each containing 20 brine shrimps larvae. The 

volume was then adjusted to 5 mL with artificial sea water prepared by dissolving 3.8 g of 

sea salt in 1L of distilled water. Each level of concentration was tested in triplicate. The 

negative control contained brine shrimp, artificial sea water. The vials were incubated under 

light for 24 h. The dead larvae were counted and mean values of triplicates was subjected to 

analysis. 

2nd Phase: Animal study 

3.11: Extraction of Medicinal plants (used as natural chelating agents) 

The medicinal plant Psidium guajava, Camellia sinenis, Curcuma longa and Citrus 

aurentifolia were dried in oven at 60ċ for 5 minutes in order to remove all the moisture from 

it. Then medicinal plants were crushed in wrist motor for 15 minutes each and poured in an 

air tight vessel. Four flasks were washed with detergent with fresh water and dried and 

heated at 100ċ in the electric oven for 10 minutes. Then these were taken out and kept at the 

room temperature. After 5 minutes when the flasks were cooled down each flask was filled 

with 400 ml of distilled water. Then 40 grams of crushed powder of each medicinal plant 

were added in each flask. The mouth of these flasks were covered with cotton and aluminum 

foil in order to make them air tight. These flasks were fixed on the orbital shaker (Sigma 

Electronics USA) at 60 cycles per second for 48 hours. Flasks were removed from the 

shaker. The flasks were then put for sonification (Hitachi electronics Japan) for 15 minutes. 

After the sonification they were carried to the hood. In hood the solution plus plant material 

was filtered with filter paper in an air tight container. Four containers were tightly caped and   

containers were kept at 4ċ in a chiller Hitachi. The remaining two ingredients Iron sulphate 

powder was mixed in aqueous solution and methanol and this dissolve form were packed in 

air tight bottles at 4c. Now according to the weight proportion four plant extracts one in 

aqueous solution and one in methanol were mixed in a glass container in the hood in order to 

administer to the animals. 60 BD Falcon tubes of 50 ml size were filled with the medicinal 

plants according to the dose of the animals and were kept in the chiller at 4ċ. The four 

containers were keep intact and also kept at 4ċ in order to keep protected from degradation 

from high temperature. The product clinically has been devised keeping in view principles of 

compound formulation and organ therapy while treating the body as a whole. 
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3.12: Soxhlet apparatus: 

Five gram of the plant powder was loaded in the thimble of Soxhlet apparatus. It was fitted 

with appropriate size round bottom flask with 250ml methanol, and upper part was fitted 

with condenser. Constant heat was provided by mantox heater for recycling of the solvent. 

After complete extraction, the extract in round bottom flask was transferred into clean and 

pre-weighed universal tubes. Universal tubes containing extracts were weighted and noted 

down and finally, the percentage yield was calculated. The solvent was removed until the 

constant weigh was obtained. Percentage yield was calculated as dividing initial weight of 

raw material taken by final weight of extracts. 

3.13: Synthetic Iron chelator 

Deferoxamine and deferiprone were used as iron chelator purchased from local market. 

3.14: Development of animal models 

54 Newzeland Male Albino Rabbits weighing (2.0 ± 0.2kg) were obtained from rabbit farms 

Faisalabad. Age of all animals at that time was 16 weeks. After delivery to the Animal House 

University of Agriculture Faisalabad animals were fed with fresh Barseen (Trifolium 

alexandrium) for at least 7 days. All the time diet and water were available to the animals 

(Chen et al., 2007). 

3.14.1 Iron Sulphate induced iron overload (oral group) 

The rabbits were subjected to iron overload by inducing iron sulphate administered orally for 

four month and the samples were taken on week basis (oral group). 

3.14.2 IROSE (iron sucrose) induced iron overload (intravenous group) 

The rabbits were subjected to iron overload through Intravenous route with IROSE (iron 

sucrose).The IROSE (iron sucrose) 5ml injection were dissolved in 25ml normal saline and 

(0.5ml IRose+2.5ml normal saline) administered to each rabbit ( intravenous group). 

3.15: Preparation of stained slides for Histological Examination 

Iron over load in experimental animals has been proved through biochemical markers that 

serum concentration of ferritn was raised from the normal range. Then animals from each 

groups as control, oral group (group 2) and intravenous group (group 3) were slaughtered in 

order to check the status of liver, kidney, spleen and heart tissues regarding the complications 

produced due to occuerrence of iron overload during specified interval of time throughout the 

experimentation. After the induction of iron overload in experimental animals, the control, 
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oral and intravenous groups further divided into sub-groups to check the efficacy and 

potential of natural and synthetic iron chelating agents against the iron overload. The iron 

chelators were used to remove excess iron from animals bodied when natural and synthetic 

iron chelators were given to oral and intravenous sub-groups. Then animals were slaughtered 

from each sub-group to check the status of liver, kidney, spleen and heart tissues during 

specified interval of time throughout the recovery phase. Followin procedures were adopted  

for the preparation of slides of different soft oragns to evaluate  for histopathological status 

(Ozguner and Sayan, 2002). 

3.15.1: Fixation 

Liver, kidney and brain tissues were cut into smaller blocks and placed in 10% buffered 

Formalin for 3 days for fixation. 

3.15.2: Trimming 

Fixed tissues were trimmed between 0.2 cm to 0.5 cm wide between 0.2 cm to 0.5 cm thick 

and not more than 2.0 cm long. Then trimmed samples were rinsed in tap water for 10 

minutes. 

3.15.3: Dehydration 

Dehydration is carried out in an automatic tissue processor (Hitachi Japan) 

3.15.4: Cleaning 

Dehydrated samples were dipped in chloroform all night. 

3.15.5: Wax Infiltration 

Wax bath (58ċ) Time 

1 1 hour 

2 1 hour 

3 1 hour 

 

3.15.6: Embedding sample in wax 

 Wax infiltrated samples were placed in embedding molds. Pure melted paraffin and covered 

with an embedding cassette. Poured some more wax on to the cassettes. Placed molds on a 

cold plate or ice tray so that the embedded samples solidify. After solidification cassettes 
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with wax embedded samples were separated from the mold and now were ready for 

sectioning. 

3.15.7: Sectioning 

Removed tissue lumps from mold and trim away excess surrounding paraffin using a clean 

razor blade or scalpel. Fitted trimmed blocks to a microtome using a pair forceps. Gently 

operated the microtome so it to cut ribbon of section. Ribbon was put to a water bath and 

then transferred the ribbon on to a clean glass slide using a needle. Let the slides dried on a 

slide bench. 

3.15.8:  Dewaxing 

Placed slides in a trough containing xylene (xylol) for 2-3 minutes and repeated this 

procedure using another trough of fresh xylene. Transferred slides through a series of troughs 

containing descending grades of alcohol (Absolute alcohol- two times, 95% &70% for 2-3 minutes 

each) Rinsed the slides in running tap water for 2-3 minutes and removed any visible artifacts. 

3.15.9: Staining 

Erlich’s Haematoxylin   30 mins 

Washed in tap water 

Differentiated in 1% acid alcohol  dip 

“Blue” in tap water or Scott’s Tap water 5—10 min 

5% aqueous yellowish eosin   10 min 

Differentiated in tap water 

Dehydrated in absolute alcohol  2 min, repeat 

Cleared in Xylol    3 min 

Mounted in D.P.X 

Slides were ready for examination. 

Procedure of Pathological tests performance 

3.16 Analysis of Biochemical Markers 

3.16.1: Ferritin   

Test Principle  

The term ELISA in full form is an Enzyme linked immuno-sorbitent assay. Amongst the 

available immunoassays, Elisa is one of the distinguished and widely used types.  It 

is extensively used due to the advantages like rapidity or speed in experimentation, greater 
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sensitivity and specificity for even small amount of test samples. The reaction is measurable 

in both qualitative and quantitative terms i.e. qualitatively it measures the specific type of 

substance while quantitatively it measures quantity of substance present in the given sample 

respectively. It finds its application in daily basis in clinical diagnosis, biological, food and 

medical scientific research (Salauze et al., 1994; Lipmanet al., 1999). 

Sample and Standard Dilutions:  

Diluted each serum or plasma specimen was tested initially 1:100 with phosphate buffer 

saline (PBS) then diluted 1:100 in the Ferritin specimen diluent provided. The final dilution 

factor was 1:10,000 and used the specimen diluent alone as the blank control well. 

Materials and Components  

Materials provided with the test kits (Monobit, USA Company). 

1. Anti-animal ferritin coated microwell strips 12x8 with plastic frame  

2. HRP conjugated goat anti-rabbit ferritin-12mL  

3.  Ferritin standard (pre-diluted) – 1 mL (Store at -20 ° C) 

4. TMB/peroxide substrate color developer –12mL  

5. Ferritin specimen diluent -1 x 60mL  

6. Sulfuric acid termination reagent (0.5N) –12mL  

7. 15 X Wash buffer concentrate – 60mL  

Assay Procedure  

1.  Added 100uL of diluted specimen or standard to each microwell  

2.  Incubated at room temperature for 45 minutes  

3.  Decanted and washed each microwell four times with wash buffer (dilute buffer 1:15 with  

     reagent grade water)  

4.  Added 100uL of HRP conjugated goat anti-rabbit ferritin to each well  

5.  Incubated at room temperature for 45 minutes  

6.  Decanted and washed as in step 3 

7. Added 100uL of TMB/peroxide substrate and incubated at room temperature for 15      

      minutes.  

8.  Terminated the reaction with 100uL of 0.5N sulfuric acid  

9. Zero the microwell reader at 450nm using the specimen diluent zero control well,  

     determined the optical density (O.D.) of the remaining wells. 
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A standard curve was constructed using the O.D. values obtained for each of the standards 

for interpolation of unknowns from the standard curve. 

3.16.2: Total Proteins 

The serum total proteins were determined following the method of Oser (1976). The 

colorimetric determination of total proteins was based on the formation of blue copper 

peptide complex in alkaline solution (the biuret test). The color intensity was directly 

proportional to the number of peptide bonds. 

Reagents 

Reagent 1:            8 ml of a standard solution of (BSA), (100 g/L). 

Reagent 2:            4x245 ml of alkaline reagent containing: 

Potassium sodium tartrate  9 g/L 

NaOH     0.2 mol/L 

Potassium iodide   5 g/L 

Reagent 3: 25 ml of colour reagent containing: 

Copper sulphate   150 g/L 

Reagent and Sample Preparation: 

a) Alkaline iodide: 

8 g of NaOH was dissolved in approximately 800 ml of distilled water in a 1L 

volumetric flask. Then 5 g of potassium iodide was added and stirred until dissolved. 

Then this was diluted to the mark with distilled water. 

b) In a 1L volumetric flask, 45 g of potassium sodium tartrate was added and dissolved 

in 400 ml of 0.2 N NaOH. Then 15 g of copper sulphate (CuSO4.4H2O) was added 

and mixed, when copper sulphate was dissolved, 5 g of potassium iodide was added 

and diluted to 1 liter with 0.2 N NaOH. 

c) Working Biuret reagent 

             200 ml stock biuret (b) was diluted to 1 liter with alkaline iodide solution (a). 

d) 6 g of bovine serum albumin (BSA) was dissolved in 80 ml of 0.9 % saline and 

diluted to 100 ml with saline. 

Serum samples, standard and working solutions were allowed to reach room temperature 

before use. To prepare the working solution, 5 ml of reagent 3 to 245 ml of reagent 2 was 

added and mixed well. Two labelled 10 ml test tubes, 5 ml of working solution and 100 μl of 
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sample and standard was added. This was mixed well and after 5 minutes absorbance at 546 

nm against a working solution as blank was read. 

Calculations: 

Absorbance test   

–––––––––––––––––––––––––– x 6.0 (Concentration of standard)= g/dl proteins 

   Absorbance standard 

3.16.3: Serum Albumin 

Serum albumin was determined following the method of Varley et al (1980). The 

determination of albumin was based on the formation of an albumin complex with a 

bromocresol green dye. The change in absorbance was proportional to the albumin 

concentration. 

REAGENTS: 

Reagent 1:            2ml of a standard solution of (BSA), 50 g/L. 

Reagent 2:           4x250 ml working solution containing: 

                                  Bromocresol green            0.14 g/L 

Succinate buffer(pH 4.2)  75 mmol/L 

          Brij 35 (Merck)                            7 ml/L 

Reagent and Sample Preparation 

a. Succinate buffer (0.1 mol/L, pH = 4.0) 

11.8 g of succinic acid was dissolved in approximately 800 ml of water. The pH was 

adjusted to 4.0 with NaOH and made to 1L with distilled water. 

b. 419 mg of bromocresol green was dissolved in 10 ml of 0.1 mol/L NaOH and made 

up to 1L with distil water. 

c. 4.5 g of bovine serum albumin in 100 ml of 0.5 g/L sodium azide solution was 

dissolved. 

d. 1 volume of bromocresol green was diluted with 3 volumes of succinate buffer. Then 

7ml/L of 30 percent Brij 35 solution was added and pH was adjusted to 4.2. 

Serum samples, standard and working solutions were allowed to reach room 

temperature before use. In two labelled 10 ml test tubes, 5 ml of working solution and 20 μl 

of sample and standard was added. This was mixed well and absorbance was read within 5 

minutes at 628 nm against a working solution as blank. 
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Calculations: 

Absorbance unknown 

–––––––––––––––––––– x 4.5 (concentration of standard)   = ... g/dl 

Absorbance standard 

3.16.4:  Globulins 

The globulins were measured by subtracting albumin from total protein and results 

were expressed as g globulins per 100 ml of sample. 

Total proteins – albumin   = ... g /dl 

3.16.5:  Albumin to Globulin (A/G) Ratio 

The albumin/globulin ratio was calculated by dividing the albumin value by globulin 

value. Haemoglobin in blood sample was determined by the method illustrated by 

Bhaskaram et al., (2003). 

3.17 Liver Enzymes 

3.17.1 Bilirubin  

The evaluation of bilirubin was done following spectrophotometer method stated by 

(Dangerfield and Finlayson, 1953). 

Principle 

Principal reacts with diazotized sulphanilic acid to form a coloured compound. It is red in 

neutral solution and blue in alkaline solution. The water soluble conjugated bilirubin reacts 

directly. The absorbance of this blue coloured compound can be determined at 578nm 

wavelength. Direct bilirubin is measured as red color compound at 546 nm wavelength. 

3.17.1.1 Total Bilirubin 

Reagents: 

Reagent I; Sulphanilic acid  

Reagent II; Sodium nitrate 

Reagent III; accelerator; it contain caffeine, sodium benzoate, and sodium acetate. 

Reagent IV; Fehling solution; it contain potassium sodium tartrate and sodium hydroxide. 

Procedure: 

 Took the test and label as sample and blank. 

 Added 0.2ml reagent I in both test tubes. 

 Added 1drop reagent II in sample. 

 Added reagent III 1.0 ml in both test tubes. 
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 Added 0.2 ml sample, distilled water, and standard in test, blank and standard 

respectively. 

 Then mixed the contents wait for 10-60 min at room temperature. 

 Added reagent IV 1.0 ml in both test tubes 

 Absorbance was checked after 10-30 min incubation at room temperature, against 

reagent blank. 

Calculations: 

Absorbance unknown 

––––––––––––––––– x 10.5 (concentration of standard)   = ...  mg / dl 

Absorbance standard 

3.17.1.2 Direct Bilirubin 

Procedure:  

 Took the test and label as sample and blank. 

 Added 0.2ml reagent I in both test tubes. 

 Added 1drop reagent II in sample. 

 Added isotonic saline solution 2ml in both test tubes. 

 Added 0.2 ml sample, distilled water in sample and blank respectively. 

 Then mixed the contents wait for 5 min at room temperature. 

 Absorbance was checked at 546 nm. 

Calculations: 

Absorbance unknown 

––––––––––––––––––– x 14 (concentration of standard)   = ...  mg / dl 

Absorbance standard 

3.17.1.3 Indirect Bilirubin 

The indirect bilirubin was measured by subtracting direct bilirubin from total 

bilirubin. 

Total bilirubin–direct bilirubin   = ... g /dl.  

3.17.2 Serum glutamic pyruvic transaminase (SGPT)  

            ALT is also called serum glutamic pyruvic transaminase (SGPT) or alanine 

aminotransferase (ALT).The evaluation of ALT was done following colorimetric method 

stated by (Rietman & Frankel, 1957).  

Principle: 
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L-Alanine along with α-ketogluatrate produces pyruvate and glutamate in the presence of 

ALT. Pyruvate then further reacts with 2-4-Dinitrophenyl hydrazine and forms hydrazone 

derivative, 2-4-Dinitrophenyl hydrazone. It is a brown coloured complex in alkaline medium. 

Its intensity is measured, as this reaction does not follow beer’s law. So by using a pyruvate 

standard, a calibration curve is plotted which showed activity of SGPT (ALT). 

Materials provided with the test kits (Human company, Germany). 

Reagent Composition 

R1. Buffer:  (pH 7.4) 

Phosphate buffer               100 mmol/1 

α –oxoglutarate                 20 mmol/1 

L-Alanine                  200 mmol/1 

R2. Color Reagent 

2-4-dinitrophenyl hydrazine   2.0 mmol/1 

R3. Color Developer: 

Sodium hydroxide  4.0 mmol/1 

1 vial of sodium hydroxide is made up to 1000 ml using redistilled water in volumetric flask. 

Pyruvate standard was used as calibrator. 

Conditions: 

Temperature     37℃ 

Wavelength     Hg 546 nm (530-550 nm) 

 Cuvette     1 cm path length 

Procedure with Sample 

                 Test tubes were taken and marked as reagent blank and test. In each test tube, 

buffer solution of 500 µl reagent, R1 was added.  In reagent blank test tube, 100 µl of 

distilled water was added and in the test tube marked as test, 100 µl of test sample was 

added. Mixed gently, test tubes were placed in incubator at 37 for half an hour. Using pipette, 

500 µl reagents, R2 i.e. D-4-DNP was added in each test tube. They were mixed well and 

Incubated at room temperature for twenty minutes. Then 500 µl R3 was added in each test 

tube. Mixed well and placed at room temperature for five minutes. Absorbance was checked 

using spectrophotometer. Firstly, by using distilled water at 546 nm, it was adjusted to zero 

and absorbance of water as blank was measured.  
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           The absorbance values were plotted against concentration. Calibration curve was 

obtained and GPT activity value was obtained. 

3.17.3. Serum glutamic oxaloacetic transaminase (SGOT)  

AST is also called serum glutamic oxaloacetic transaminase (SGOT) or aspartate 

aminotransferase (AST). The level of AST was measured by using colorimetric method as 

explained by Reitman & Frankel (1957). 

Principle: 

α-Ketoglutarate reacts with L-aspartate in the presence of AST. It forms L-glutamate 

and pyruvate. Addition of 2, 4-dinitrophenyl hydrazine forms hydrazone complex with 

ketoacids. On adding sodium hydroxide, it gives red colour which shows activity according 

to its intensity. The reaction does not follow beer’s law. By taking pyruvate standard, a 

calibration curve is plotted from which activity of SGPT (ALT) is obtained. 

   α –ketoglutarate + L-aspartate                  SGPT                      L-glutamate + pyruvate     

Materials provided with the test kits (Human Company, Germany). 

Reagent Composition 

R.1.Buffer: (pH 7.4) 

Phosphate buffer:   100 mmol/l 

L-alanine    200 mmol/l 

α -ketoglutarate    2.0 mmol/l  

R.2.Color Reagent: 

2 4-dinitrophenylhydrazine  2.0 mmol/l  

R.3.Color Developer: 

Sodium hydroxide  4.0 mmol/ls 

In volumetric flask, one vial of sodium hydroxide is made up to 1000 ml with the help of 

redistilled water. 

Calibrator 

Pyruvate standard   

Assess condition 

Wavelength   Hg 546 nm (530 - 550 nm) 

Cuvette  1 cm light path 

Temperature  37°C 
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Procedure 

 Test tubes were taken and marked as reagent blank and sample test.  

 In test, 0.1 ml of sample was added.  

 Buffer R1 of about 0.5 ml was added into each test tubes using pipette. Mixed well. 

  Distilled water of 0.1 ml was added into reagent blank. They were mixed gently. 

Placed and incubated at 37°C for thirty minutes. 

  About 0.5 ml of R2 was added in each test tube. Mixed well. 

  Incubated at 20-25oC for twenty minutes. T 

 Then 5.0 ml of R3 was added into each test tube by pipette. Mixed and placed at 

room temperature for about five minutes.  

 Absorbance was checked against blank at 546 nm using spectrophotometer. The 

calibration curve was plotted and activity of AST was checked. 

3.17.4 Alkaline Phosphatase (ALP): 

ALP was determined by following the method.Materials provided with the test kits (Human 

Company, Germany). 

Principle: 

p -Nitro phenyl phosphate was hydrolysed in the presence of ALP. It results in the formation 

of phosphate and p-nitro phenol. It is a reversible process. 

Composition 

 

Buffer: 

Di-ethanolamine buffer (pH 10.35) 

Magnesium chloride 

Substrate: 

p- Nitro phenyl phosphate 

Conditions 

Wavelength:    Hg 405 nm (400-420 nm) 

Optical path:    1 cm 

Temperature:   37℃ 

Procedure 

 Set wavelength at 540nm.  
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 Took the test and label as test, standard, and blank. 

 Added 1.0 ml reagent in all three tubes. 

 Added 20ul sample, distilled water, and standard in test, blank and standard 

respectively. 

 Then mixed well and absorbance was checked after 1 min incubation, against reagent 

blank. 

 Activity of ALP was calculated or measured by plotting calibration curves (Sarkar 

and Chauhan, 1967). 

3.18 Immunoglobulin 

3.18.1 IgG 

Test Principle  

Solid phase capture sandwich ELISA assay using a microwell format (Salauze et al., 1994). 

Sample and Standard Dilutions:  

Diluted each serum or plasma specimen to be tested initially 1:100 with phosphate buffer 

saline (PBS) then diluted 1:100 in the IgG specimen diluent provided. The final dilution 

factor was 1:10,000 and used the specimen diluent alone as the blank control well.  

Materials and Components  

Materials provided with the test kits (Monobit, USA Company). 

1. Anti-animal IgG coated microwell strips 12x8 with plastic frame  

2. HRP conjugated goat anti-rabbit IgG-12mL  

3. IgG standard (pre-diluted) – 1 mL (Store at -20 ° C) 

4. TMB/peroxide substrate color developer –12mL  

5. IgG specimen diluent -1 x 60mL  

6. Sulfuric acid termination reagent (0.5N) –12mL  

7. 15 X Wash buffer concentrate – 60mL  

Assay Procedure  

1.  Added 100uL of diluted specimen or standard to each microwell  

2.  Incubated at room temperature for 45 minutes  

3.  Decanted and washed each microwell four times with wash buffer (dilute buffer  

1:15 with reagent grade water)  

4.  Added 100uL of HRP conjugated goat anti-human IgG to each well  
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5.  Incubated at room temperature for 45 minutes  

6.  Decanted and washed as in step 3 

7.  Added 100uL of TMB/peroxide substrate and incubated at room temperature for 15 

minutes.  

8.  Terminated the reaction with 100uL of 0.5N sulfuric acid  

9.  Zero the microwell reader at 450nm using the specimen diluent zero control well, 

determine the optical density (O.D.) of the remaining wells. 

A standard curve was constructed using the O.D. values obtained for each of the standards 

for interpolation of unknowns from the standard curve. 

3.19: Animal study 

54 Newzeland Male Albino rabbits were used, weighing 2.0 ± 0.2 kg. 10 rabbits were used in 

the experiment kept normal in the very same room. 44 rabbits were divided into 2 main 

groups depending on the type of chemical agents administered. 

        Table 3.1: Grouping of animals 

No. of Animals    Oral group Intravenous group  Control group 

 54      22    22    10 

Prior to the experiment the animals were allowed to adapt to the animal care facility for one 

week. During this period they were provided with fresh green barseen and fresh water. They 

were tagged and each rabbit was given a number. All the (54) rabbits were kept  in animal 

house Department of Veterinary sciences University of Agriculture Faisalabad, under the 

controlled conditions of ventilation, air, light and temperature. Each animal was kept in a 3×6 

feet square box 3 feet high with access to water add libitum. The light cycle was of 12/12 

hours. The room temperature was maintained at 27ċ. The standard diet was provided two 

times a day 12/12 hours comprising, standard fresh green barseem (Trifolium alexandrium) 

along with added food items. They were divided into two main groups along control group. 

All the animals were kept in three rows of cages. Next day early in the morning before 

feeding them nearly at 7 am blood was taken from their Jugular veins after shaving the 

venipuncture site by a trained veterinary phlebotomist with the help of assistant. This was the 

1st blood sample taken in order to check the snormal serologic values of the animals that their 

liver was healthy and they were good in health, none of them was suffering from any 
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infectious disease or under the effect of any medicine or toxic chemical.5ml blood was taken 

from each animal and swiftly transferred to a sealed container, each container was marked on 

the name and group of the animal. The container site is then covered with ethanol dipped 

cotton ball in order to prevent any infection. The blood was centrifuged for 15 minutes at 

3000 rpm and then serum was collected from the container with the help of the disposable 

syringe and transferred to the 2ml eppendorf tube marked with the name of the animal and 

caped. These tubes were maintained at 4ċ in an air tight container with crushed ice and 

brought to the commercial lab to perform LFT, CBC, and ESR etc. Reports were received on 

the next day and all the animals were found absolutely normal serologically. 

Table 3.2:   Test reports values before induction of iron overload 

    Test  Average value Normal value 

 

 Ferritin    3.9 3.4—5.5nm 

Protein total 6.3 6—8 g/dl 

Albumin 3.7 3.5—5g//dl 

SGPT 27 7—56 U/L 

SGOT 11 5—40U/L 

ALP 54 20—140IU/L 

Bilirubin Total 0.4 0.1—1mg/ml 

Bilirubin Direct 0.1 0.1—0.4mg/ml 

Bilirubin Indirect 0.3 0.1—0.7mg/ml 

IgG 12 800 ---- 1800mg/dl 

Globulin 2.3 2.2__ 3.1g/dl 

A/G ratio 1.2 1.0_1.7g/dl 
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Oral group which was administered with iron sulphate was composed of 22 animals. 

Similarly intravenous group administered with (IROSE) was composed of 22 animals along 

with control group.  

Table 3.3: Control group animal labeling 

Labelling        

of Animals 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

Table 3.4: Control group (1st group) 

Group Control  

No.of Animals 10 

Dose - 

Slaughtered 4 

Duration 4th month 

Weight 2kg 

Temperature 38.2 – 38.5°C 

Age of Animals 16weeks 

Diet Trifolium alexandrium 

Table 3.5:  Iron overload induced in oral group ofExperimental animals (2nd group) 

Group Oral 

No.of Animals 22 

Dose IROSE (iron sucrose) 

Slaughtered 4 

Duration 4th month 

Weight 2kg 

Temperature 38.2 -     38.5 °C 

Age of Animals 16 weeks 

Diet Trifolium alexandrium 
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Table: 3.6 Animals slaughtered during four month fromOral group (2nd group)  

Weeks                          Oral group 

4th  week 1 

8th  week 1 

12th week 1 

16th week 1 

 

Table: 3.7.  Iron overload induced in intravenous group of Experimental animals (3rd 

group) 

Group  Intravenous 

No.of Animals 22 

Dose Iron sulphate 

Slaughtered 4 

Duration 4th month 

Weight 2kg 

Temperature 37.5 -     38.5 °C 

Age of Animals 16 weeks 

Diet Trifolium alexandrium 

 

Table: 3.8 Animals slaughtered during four monthfrom intravenous group (3rd group) 

 

Weeks                           Oral group 

4th  week 1 

8th  week 1 

12th week 1 

16th week 1 
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From the next day all the 22 healthy animals of oral group began to receive iron sulphate in 

order to induce iron overload according to following chart. 

 In each 10ml dose of single animal there is 0.2gm of iron sulphate and 220ml dose 

(4.4gm iron sulphate) were given to 22 animals of oral group. The dose is given 

orally with the help of stomach tube. 

 On the very same day intravenous group begins to receive IROSE (intravenously) 

dose in order to induce iron overload according to the following chart. 

Dose of single animal of IROSE (iron sucrose) = 0.5ml IROSE +2.5ml normal saline 

according to body weight 

Total weight of the 22 animals  = 44kg 

 Total amount of IROSE according to the weight of animals = 11ml IROSE + 60ml 

Both groups received relevant materials for iron overload induction in doses (oral group) 

twice   early in the morning and evening for 16 weeks regularly, (intravenous group) a single 

dose daily early in the morning after feeding. On the 2nd week the blood samples were 

collected from both groups in order to check the status of their liver, kidney, spleen and heart 

health. Blood reports indicate raised values ferritin, ALT, AST and other liver enzymes. Four 

animals from oral group and four from intravenous group were slaughtered in order to check 

the harmful effects of these drugs on their liver, kidney, spleen and heart tissue. With the 

conformation of various blood and serum values indicating liver, kidney and spleen tissue 

damage and the animals of both groups were started to be treated with test drugs. 

3.20: Recovery phase   

 Oral and intravenous groups which were administered with (iron sulphate) and IROSE (iron 

sucrose), further divided into 6 sub-groups N1, N2, N3, N4, S1 and S2. All the rabbits were 

kept in the animal house Department of Veterinary sciences University of Agriculture 

Faisalabad, under the controlled conditions of ventilation, air, light and temperature. Each 

animal was kept in a 3×6 feet square box 3 feet high with access to water add libitum. The 

light cycle was of 12/12 hours. The room temperature was maintained at 27ċ. The standard 

diet was provided two times a day 12/12 hours comprising, standard fresh green barseen 

(Trifolium alexandrium) along with added food items. 
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Table: 3.9 Iron overload (oral group) further divided after four month 

Groups N1 N2 N3 N4 S1 S2 

Labeling P.guajava C.sinenis C. longa C.aurentifoli

a 

Defroxamine Deferiprone 

No.of 

Animals 

    3     3    3       3       3     3 

Dose 

1 - 2 weeks 

10ml 

twice 

daily 

10ml 

twice 

daily 

10ml 

twice 

daily 

10ml 

twice daily 

20mg/kg/b.wt 

thrice  a week 

20mg/kg/b.wt 

thrice a week 

2 - 4 weeks    7ml 

twice 

daily 

   7ml 

twice 

daily 

  7ml 

twice 

daily 

 7ml 

twice daily 

20mg/kg/b.wt 

twice a week 

20mg/kg/b.wt 

twice a week 

4  - 8 weeks 5ml  

twice 

daily 

    5ml      

twice 

daily 

   5ml   

twice 

daily 

  5ml   twice 

daily 

20mg/kg/b.wt 

twice a week 

20mg/kg/b.wt 

twice a week 

Diet Barseen 

(T.a) 

Barseen 

(T.a) 

Barseen 

(T.a) 

Barseen 

(T.a) 

Barseen 

(T.a) 

Barseen 

(T.a) 

Duration 2month 2month 2month 2month 2month 2month 

Slaughtered 2 2 2 2 2 2 

Abbreviated #     b.wt: body weight              T.a:  Trifolium alexandrium 
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Table: 3.10 Iron overloaded (intravenous group) further divided after after four 

months 

Groups N1 N2 N3 N4 S1 S2 

Labeling P.guajava C.sinenis C. longa C.aurentifolia Defroxamine Deferiprone 

No.of 

Animals 

    3     3    3       3       3     3 

Dose 

1 - 2 weeks 

10ml 

twice 

daily 

10ml 

twice 

daily 

10ml 

twice 

daily 

10ml 

twice daily 

20mg/kg/b.wt 

thrice  a week 

20mg/kg/b.wt 

thrice a week 

2 - 4 weeks    7ml 

twice 

daily 

   7ml 

twice 

daily 

  7ml 

twice 

daily 

 7ml 

twice daily 

20mg/kg/b.wt 

twice a week 

20mg/kg/b.wt 

twice a week 

4  - 8 

weeks 

5ml  

twice 

daily 

    5ml      

twice 

daily 

   5ml   

twice 

daily 

  5ml   twice 

daily 

20mg/kg/b.wt 

twice a week 

20mg/kg/b.wt 

twice a week 

Diet Barseen 

(T.a) 

Barseen 

(T.a) 

Barseen 

(T.a) 

Barseen 

(T.a) 

Barseen 

(T.a) 

Barseen 

(T.a) 

Duration 2month 2month 2month 2month 2month 2month 

Slaughtere

d 

2 2 2 2 2 2 

  Abbreviated #     b.wt: body weight              T.a:  Trifolium alexandrium 

 

Table 3.11: Animal slaughtered from oral group after iron overload (four months) 

Groups N1 N2 N3 N4 S1 S2 

4th week 1 1 1 1 1 1 

8th week 1 1 1 1 1 1 
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Table 3.12: Animal slaughtered from intravenous group after iron overload (four 

months) 

Groups N1 N2 N3 N4 S1 S2 

4th week 1 1 1 1 1 1 

8th week 1 1 1 1 1 1 

 Psidium guajava was administered to the 6 animals of two groups (oral and 

intravenous) according to the following chart. 

Dose of Psidium guajava   = 2 mg per kg body weight 

Dose of single animal    = 2 mg 

Dose of 6 animals     = 2×6 = 12 mg 

Total amount of aqueous solution added  = 60 ml 

Mixture containing 60ml aqueous solution and 12mg medicine. 

 Camellia sinenis was administered to the 6 animals of two groups (oral and 

intravenous) according to the following chart. 

Dose of Camellia sinenis  = 2mg per kg body weight 

Dose of single animal    = 2 mg 

Dose of 6 animals     = 2×6 = 12 mg 

Total amount of aqueous solution added  = 60 ml 

Mixture containing 60ml aqueous solution and 12mg medicine 

 Curcuma longa was administered to the 6 animals of two groups according to the 

following chart. 

Dose of Curcuma longa   = 2mg per kg body weight 

Dose of single animal    = 2 mg 

Dose of 6 animals     = 2×6 = 12 mg 

Total amount of aqueous solution added  = 60 ml 

Mixture containing 60ml aqueous solution and 12 mg medicine 

 Citrus aurentifolia was administered to the 6 animals of two (oral and intravenous) 

groups according to the following chart. 

Dose of Citrus aurentifolia   = 2mg per kg body weight 

Dose of single animal    = 2 mg 

Dose of 6 animals    = 2×6 = 12 mg 
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Total amount of aqueous solution added  = 60 ml 

Mixture containing 60ml aqueous solution and 12 mg medicine 

The medicinal plants extracted with methanol also used as a dose for experimental animals 

similar way as dose prepared in aqueous solution. 

 Deferoxamine was administered to the 6 animals of two groups (oral and 

intravenous) according to the following chart. 

Dose of Deferoxamine   = 20mg/ kg/ body weight 

Dose of single animal    = 40 mg 

Dose of 6 animals     = 40×6 = 240 mg 

Total amount of normal saline added = 30 ml 

Mixture containing 30ml normal saline and 240 mg medicine 

 Deferiprone was administered to the 6 animals of two groups (oral and intravenous) 

according to the following chart. 

Dose of Deferiprone    = 20mg/kg/ body weight 

Dose of single animal    = 40 mg 

Dose of 6 animals    = 40×6 = 240 mg 

Total amount of normal saline added = 60 ml 

Mixture containing 60ml normal saline and 240mg medicine 

10 ml of extracts of all medicinal plants and synthetic iron chelators were 

administered with the help of stomach tube to experimental animals of each sub-group. 

Normal feed was supplied along with barseen (Trifolium alexandrium) of all rabbits of all 

groups. These extracts were administered to animals for 60 days regularly at 7am in the 

morning and 5 pm in the evening. After 7 days blood samples were taken in order to check 

their health status of all treated and control group animals. The blood was taken from jugular 

vein then, centrifuged and serum sent to the clinical laboratory to study the status of animals. 

Blood samples were taken in specified interval of time (3 times) throughout the 

experimentation after the fourth blood samples which were collected on the 60th day in 

recovery phase. Administrations of these exracts were stopped. Similarly deferoxamine and 

deferiprone were also administered to 6, 6 animals to compared with natural groups (Ebyl et 

al., 2002). 
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3.21: Statistical Analysis 

The statistical analysis of all bioactivities of medicinal plants and animal trial were done by 

using Mean ± S.D and Repeated Anova technique software of Minitab-17(Steel et al., 1997). 
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Chapter # 4   

RESULTS   

In this research plan, the main emphasis was on the potential iron chelating agents 

from medicinal plants. Regarding this purpose, after extensive reviewing we had selected 

four plants from local heritage for metal chelating capability and efficiency. Applications of 

metals for a variety of purposes have been recognized as catalysis of bimolecular making 

reactions to transfer and storage of minute molecules during the biological system. Iron (Fe) 

is an imperative and indispensable nutrient that is necessary for every type of cells.  Fe is 

essential for  life as it is used  in  oxygen  transfer,  electron  transport,  nitrogen  fascination,  

and  DNA formation.   Hemoglobin molecule contains iron which is major component of 

erythrocyte cells which tie oxygen and distribute to whole tissues of the body. The plants 

having local names as amrood, green tea, turmeric and khatti, the generic names as psidium 

guajava, Camella sinesis, Curcuma longa and Citrus aurentifolia were selected to evaluate 

the natural chelating potential against iron overload in the experimental animals respectively. 

The experimental animals were over loaded with iron by oral as well as intravenous routes. 

Iron sulphate (FeSO4) was used by oral route while IROSE (iron sucrose) was used through 

intravenous route for the occurrence of iron over load in the experimental animals. The 

extracts of these plants were extracted by n-hexane, chloroform, ethyl acetate and methanol 

solvents. Synthetic chelating agents as Deferoxamine and deferiprone were purchased from 

local market and used as synthetic iron chelating agents in the experimental animals for 

comparative evaluation with natural iron chelating agents. The impact of iron overload and 

comparative chelating capabilities of natural and synthetic agents on biochemical parameters 

like ferritn, IgG, LFTs and proteins etc were carried out by using many techniques and 

procedures. The histopathological findings of iron overload and comparative chelating 

capabilities of natural and synthetic agents in selected organs such as liver, spleen, kidney 

and heart tissues were done through recommended techniques and standard procedures. The 

phyto-chemical analysis as tannins, flavonoids, alkaloids, saponins, glycosides, terpenoids 

and steroids etc were also done by recommended analytical methods. The capacity of 

antioxidants was also carried out by using many techniques and procedures. The 

antimicrobial activities of these extracts were also done by microbiological technique using 

Disc Diffusion method against four different strains of bacteria and three different strains of 
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fungi determined by CLSI method. The characterization and identification of essential oils of 

psidium guajava, Camella sinesis, Curcuma longa and Citrus aurentifolia were also done by 

GC-MS technique. The fingerprinting of bioactive molecules of selected plants extracts were 

carried out by using the FT-IR technique too. 

4.1: Phytoconstituents 

 

 The phytochemical analysis of Psidiumgujava, Camelliasinensis, Curcuma longa and Citrus 

aurentifolia extracts were carried out in order to determine the existence of different phytoconstitutents 

regarding the qualitative and quantitative analysis. Results are given as follows. 

Table 4.1 Grading results of Phytochemicals in medicinal plants 

Sr. # Numerical sign      Ranges of  % Interpretation of  constituents 

1 -            0          Absent 

2 +         1 –5         Present 

3 ++         6- 10        Good 

4 +++       11 – 15        Very good 

 

Tabl 4.2 Phytochemical (qualitative) analysis of medicinal plants 

+: Sign indicates the presence of constituent 

 

 

 

Table 4.3 Phytochemical (quantitative) analysis of medicinal plants 

Serial.No Plant Psidium Camellia 

sinensis 

Curcuma longa Citrus 

aurentifolia 

Serial.No Plant Psidiumgujava Camellia 

sinensis 

Curcuma longa Citrus 

aurentifolia 

1 Alkaloids ++ ++ ++ ++ 

2 Flavonoids ++ +++ +++ ++ 

3 Tannins ++ ++ ++ ++ 

4 Steroids + + + + 

5 Saponins + + ++ ++ 

6 Glycosides ++ ++ +++ +++ 

7 Terpenoids + + + + 
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Gujava 

1 Alkaloids 7% 9% 7% 7% 

2 Flavonoids 9% 14% 11% 9% 

3 Tannins 9% 10% 9% 8% 

4 Glycosides 8% 8% 12% 14% 

5 Saponins 4% 5% 7% 6% 

% calculated with formula that mention in material method. According to quantitative analysis our all medicinal 

plants have bioactive constituents and also confirm the qualitative results. 

4.2: Fourier transforms infrared study of phytochemicals extracts of selected medicinal plants 

Infra-red spectra of medicinal plants Psidiumgujava, Camellia sinensis, Curcuma longa and Citrus 

aurentifoliawere recorded. The vibrational assignments, wave number (cm-1)   and intensities of dominant peak 

were obtained from absorption spectra. The following functional groups such as C-H  

(Str), C=C or C=N, C=O (Str), O-H (Str), C-N (Str), C-O (Str), C-H (bend), (H-bonded) were identified from 

selected medicinal plants extracts.  It was pointed out that these medicinal plants having high therapeutic impact 

and these can be used against different diseases/disorders. 

4.2.1:  Alkaloids 

In fact that natural occurring compounds contain mostly basic nitrogen atom includes some related compounds 

with natural and even weakly acidic properties and regulate plant growth. 

Table 4.4FTIR data of Alkaloids (cm-1) 

Functional 

Groups 

                                Alkaloids of medicinal plants 

P.gujava C.sinensis C. longa C. longa 

C-H (Str) 2973.8 2928.7 2933.3 2982.8 

C=C or C=N - 1649.0 1586.0 - 

C=O (Str) 1721.0 1717.0 - 1708.0 

O-H (Str) 

(H-bonded) 
       3379.2  3406.0            3361.2       3392.0 

C-N (Str) 1271.0 1253.0 1248.0 1257.5 

C-O (Str) 1050.3 1050.0 1054.3 1050.3 

C-H (bend) 1388.0 1379.0 1383.6 1379.1 
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Fig 4.1   FTIR Spectra of Psidium gujava (alkaloids) 

 

Fig 4.2 FTIR Spectra of Camellia sinenis (alkaloids) 
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Fig 4.3 FTIR Spectra of Curcuma longa (alkaloids) 

 
Fig 4.4 FTIR Spectra of Citrus aurentifolia (alkaloids) 
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4.2.2:  Flavonoids  

Flavonoids compounds are ubiquitous in nature and founds in fruits, vegetables and certain beverages that have 

diverse, meaningful and outstanding biochemical and antioxidant effects. In fact that flavonoid has antiviral, 

anti platelets, anti-inflammatory and anti-tumor along with many others activities. 

Table 4.5FTIR data of Flavonoids (cm-1) 

 

Functional 

Groups 

                                   Flavonoids of medicinal plants 

P.gujava C.sinensis C. longa C. longa 

C-H(Str) 2951.3 2933.3 2928.7 2933.3 

C=O(Str) 1631.4 1608.9 1626.9 1586.4 

O-H 

(H-bonded) 
3311.7 3293.7 3347.7 3361.2 

C-O(Str) 1045.8 1050.3 1023.2 1054.8 

C-H (Bending) 1343.1 1401.7 1374.6 1383.7 

 

Fig 4.5 FTIR Spectra of Psidium gujava (flavonoids) 
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Fig 4.6 FTIR Spectra of Camellia sinenis (flavonoids) 

 

 

 
Fig 4.7 FTIR Spectra of Curcuma longa (flavonoids) 
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Fig 4.8 FTIR Spectra of Citrus aurentifolia (flavonoids) 
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4.2.3: Saponins 

Saponins (sapogenin) are steroid or triterpenoid glycosides, found in a large number of plants and plant 

products and can be usedin human and animal nutrition.  Some saponins have a bitter in taste. Few saponins 

have toxic effect which called as sapotoxin. Saponins have also valuable impact on blood lowering cholesterol 

concentration, malignant tumor, increase bone strength and improve the immune status of animal bodies. 

Table 4.6FTIR data of Saponins (cm-1) 

 

Functional 

Groups 

Extracts of Saponins 

P.gujava C.sinensis C. longa C. longa 

C-H(Str) 2928.7 3090.0 2982.0 2978.0 

C=C(Str) 1649.4 1653.9 1379.1 1649.4 

 

C=O(Str) 
1717.1 2063.0 1717.0 2117.0 

O-H(Str) 3334.0 3334.0 3388.0 3370.0 

C-O(Str) 1050.3 1216.0 1280.0 1036.0 

 

 

 
Fig 4.9 FTIR Spectra of   Psidium gujava (saponins) 
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Fig 4.10 FTIR Spectra of Camellia sinenis (saponins) 

 

 
Fig 4.11 FTIR Spectra of Curcuma longa (saponins) 
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Fig 4.12   FTIR Spectra of Citrus aurentifolia (saponins) 

 

 

4.3: GCMS Analysis of Essential oil of Medicinal plants 

  4.3.1. Curcuma longa 

The essential oil of Curcuma longa showed various and diversified composition as present in (Table 4.7). About 

forty constituents were characterized and identified. The essential oil contained by turmerone (Immune 

activation and antitumor) (33.21%), Carrophyphyllene (against anti-inflammatory) (11.15%), Curcumene; 

2heptene (toxic impact) (7.87%) and Sesquiphellandrene (effective against lung carcinoma)(7.40). Most of 

these reports showed that Turmerone and Carrophyllene are major and principal components of Curcuma longa 

essential oils. A figure 4.13 represents the phytoconstituents of essential oil of Curcuma longa. 
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Fig.4.13: A typical GC-MS chromatogram showing the chemical analysis of essential oil from rhizome of 

Curcuma longa. 
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Tabl4.7. Composition of Essential oil of Curcuma longa 

 

Serial no. RT % Area Common name 

  

 

  1 

 

11.16 0.4805 Alpha.-Pinene 

  

 

  2 

 

11.6475 0.4338 Beta.-Pinene 

3 

 

11.7117 0.2801 Toluene 

4 

 

11.9747 1.9035 D- Limonene 

  5 

 

12.2826 0.1206 Terpinen 

6 

 

12.5457 1.3383 Terpinolene 

7 

 

12.8023 1.8256 Eucalyptol 

8 

 

13.0396 0.3918 o-Cymol 

9 

 

14.1495 0.5366 Copaene 

10 

 

14.6499 0.2418 Bergamotene 

  

 

  11 

 

15.2465 0.2024 cis,trans-?-Farnesene 

  

 

  12 

 

15.3812 0.3043 p-Cymenene 

13 

 

16.0612 0.5301 ( 1S, 2S, 5R – 1,4,4 – Trimethyltricyclo ( 6.3.1.(2,5) ) dodec – 8 (9) – ene 

14 

 

16.4782 0.4732 Farnesene 

15 

 

16.9145 11.1547 Caryophyllene 

16 

 

17.1134 0.4714 Sesquiphellandrene 

17 

 

17.5047 9.0834 Zingiberene 

18 

 

17.9537 0.3463 Bergamotene 

19 

 

18.0436 0.5101 Cadinene 

20 

 

18.2809 5.361 1,4,7, - Cycloundecatriene, 1,5,9,9, tetramethyl -, Z,Z,Z- 

21 

 

18.7557 7.4098 Sesquiphellandrene 

22 

 

18.9995 7.8715 Curcumene; 2-Heptene 

23 

 

19.3523 0.2226 Terpinene 

24 

 

19.4613 0.5082 Neryl propionate 

25 

 

19.7693 0.2043 Bicyclo (4.1.0) heptane , 7 – bicycle ( 4.1.0) hept – 7 –yl.-dene 

26 

 

19.8784 0.1972 2,6 – Octadiene  - 1 – ol, 3,7 – dimethyl., acetate (E) 

27 

 

20.9433 0.4496 Calamenene 

28 

 

21.5784 0.2969 1,2,3,1,2,3 – Hexamethyl – bicyclopentyl 2,2 – diene 
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29 

 

21.7837 0.4639 p-Cimene; p-Cymol 

30 

 

22.8358 0.1898 1,2-dimethylcyclooctene 

31 

 

23.086 0.2231 3-Methoxybenzyl alcohol 

32 

 

23.5543 0.2052 .alpha.-Calacorene 

33 

 

24.9336 1.7649 m-Methylacetophenone 

34 

 

25.0812 0.5147 Benzeneacetaldehyde, 2- methoxy 

   2.4043 Pyridine , 4 tert – butyl 

35  25.2672   

    Artemesia 

36  25.7548 1.5713  

37  28.013 1.7032 Carrophyllene 

     

38  28.1926 3.7297 Dimethyl Sulfoxide 

     

39  29.7387 33.2141 Tumerone 

     

40  30.3995 0.8662 3 – methyl – 2 – butanoic acid , allyl ester 

     

 

4.3.3 Citrus aurentifolia (Khatti) 

The essential oil of Citrus aurentifoliashowed an extensivly diversified composition (Table 4.9) and thirty four 

constituents were identified. The essential oil was dominated by Carrophyllene (antiflammatory), (25.1%), beta 

Bisabolene, (Food additive), (22.5%), Curcumene, (reduce inflammation and neurodegeneration), (5.27%) and 

Limonene, (skin and respiratory irritants), (2.64). In Figure 4.14 the peaks represents the percentage of each 

constituents. 
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  Fig4.14. A typical GC-MS chromatogram showing the chemical analysis of essential oil from leaf of 

Citrus aurentifolia 
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Table4.8. Composition of Essential oil of Citrus aurentifolia 

 

Serial no. RT Area Common name 

1  11.812 

 

2.6761 Limonene 

2 12.657 0.945 Eucalyptol 

3 14.202 6.8056 alpha.-Cubebene 

4 14.683 0.8629 Cedrene 

5 15.163 2.3138 Cedrene 

6 15.845 0.5519 Cedrene 

7 16.273 4.099 Spatulenol 

8 16.662 0.6781 Alloaromadendren 

9 17.109 11.5017 Caryophyllene 

10 17.334 1.3164 beta-Bisabolene 

11 17.588 6.6107 beta-Bisabolene 

12 .758 0.72 Cadinene 

13 18.221 2.8161 alpha.-Caryophyllene 

14 18.473 2.8161 Cadinene 

15 18.637 1.2813 alpha.-Caryophyllene 

16 18.779 0.9482 Valencen 

17 19.082 3.7335 Curcumene 

18 19.238 3.8559 Curcumene 

19 21.198 2.6673 Calamenene 

20 22.868 0.8173 Naphthalene, 1,2-dihydro-1,1,6-trimethyl 

21 23.124 0.3912 9-Cedranone 

22 23.315 0.2041 D-(+)-Carvone 

23 23.6248 0.5235 1,3-Dimethyl-5-propyl-7-(propene-1-yl)adamantine 

24 24.0611 0.1751 R(-)3,7-Dimethyl-1,6-octadiene 

25 24.94 1.5294 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)- 

26 25.3955 3.992 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl-, (Z,E)- 

27 25.8445 1.1141 Butanoic acid, 3,7-dimethyl-6-octenyl ester 

28 26.3193 2.3959 3-Cyclohexene-1-methanol, .alpha.,4-dimethyl-.alpha.-(4-methyl-3-

pentenyl)-, [R-(R*,R*)]- 

29 27.0057 1.1996 Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- 

30 27.7499 5.9897 Chlorocyclohexyldimethylsilane 
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31 28.3914 9.6714 Caryophyllene oxide 

32 28.6865 3.1664 Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- 

33 29.0137 4.366 Thujopsene 

34 29.591 3.3001 Thujopsene 

 

 

 

 

 

 

4.3.4 Psidium guajava (Amrood) 

The chemical composition of Psidium guajava essential oil is presented in (Table 4.10). GC-

MS analysis revealed the identification of 33 components identified. Carrophyllene oxide 

(Inhibit the electron transport chain), (22.70%), Carrophyllene, (anti-inflammator), (15.6%), 

α - cubebene 11.2%) andp[e] azulene, decahydro1, 1,7 trimethyl4methylene, [1aR(1a.alpha., 

4a.alpha.,7.alpha.,7a.beta.,7b.alpha.)]- (5.53%) were the major compounds found in the 

Psidium guajava essential oil.Some other compound like Eucalyptol and limonene were also 

present in essential oil of Psidium guajava. In Figure 4.15 the peaks represents the 

percentage of each constituents. 
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Fig 4.15 A typical GC-MS chromatogram showing the chemical analysis of essential oil from leaf of 

Psidium guajava 

 

 

 

 

 

 

 

 

 

 

Table4.9. Composition of Essential oil of Psidium guajava 

 

Serial No. RT %Area Common name 

 

1 11.5193 0.9269 

Sabinen 

 

2 11.808 0.733 

D-Limonene 

 

3 12.6548 0.3715 

Eucalyptol 

 

4 13.7967 0.4052 

Cyclohexene,4-ethenyl-4-methyl-3-(1-methylethenyl)-1-(1-

methylethyl)-, (3R-trans)- 
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5 14.1239 8.0199 .alpha.-Cubebene 

6 15.2466 1.263 
alpha-Bergamotene 

7 16.1575 5.5356 

p[e]azulene, decahydro-1,1,7-trimethyl-4-methylene-, [1aR-

(1a.alpha.,4a.alpha.,7.alpha.,7a.beta.,7b.alpha.)]- 

8 16.9402 15.6531 Caryophyllene 

9 17.1647 2.088 

Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-methylene-1-(1-

methylethyl)-, (1.alpha.,4a.alpha.,8a.alpha.)- 

10 17.3572 2.8441 Cyclohexene, 1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-, (S)- 

11 17.6587 1.0301 

Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, 

(1.alpha.,4a.alpha.,8a.alpha.)- 

12 17.9089 0.4715 6-Octen-1-ol, 3,7-dimethyl-, formate 

13 18.0693 2.2094 

Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, 

(1S-cis)- 

14 18.2746 5.9015 1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z- 

15 18.4991 0.7704 

Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-4a,8-dimethyl-2-(1-

methylethenyl)-, [2R-(2.alpha.,4a.alpha.,8a.beta.)]- 

16 18.7172 0.5876 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)- 

17 18.9546 0.9155 Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 

18 19.4678 3.1434 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (Z)- 

19 19.8912 1.0576 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (E)- 

20 21.0075 6.2062 

Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-4-(1-methylethyl)-, (1S-

cis)- 

21 22.7011 0.8214 Naphthalene, 1,2-dihydro-1,1,6-trimethyl- 

22 25.2865 2.8417 .alpha.-Farnesene 

23 26.1975 1.7803 

1,4-Methanoazulene, decahydro-4,8,8-trimethyl-9-methylene-, [1S-

(1.alpha.,3a.beta.,4.alpha.,8a.beta.)]- 

24 26.345 0.8214 alpha.-Farnesene 

25 26.7749 0.1155 
1,3,3-Trimethyl-2-hydroxymethyl-3,3-dimethyl-4-(3-methylbut-2-

enyl)-cyclohexene 
 

26 26.8903 0.8165 Naphthalene,1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- 

27 27.8719 0.294 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl- 

28 28.3338 22.7076 Caryophyllene oxide 

29 28.5134 2.4421 Cyclohexene, 1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-, (S)- 
 

30 29.2383 1.0792 

Azulene,1,2,3,3a,4,5,6,7-octahydro-1,4-dimethyl-7-(1-methylethenyl)-, 

[1R-(1.alpha.,3a 

31 29.4821 4.6515 

12-Oxabicyclo[9.1.0]dodeca-3,7-diene, 1,5,5,8-tetramethyl-, [1R-

(1R*,3E,7E,11R*)]- 

32 30.2584 0.8508 Pentacosane 
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33 30.4316 0.6445  Cadalene 

 

4.4: Antioxidant activity of extract from Psidium guajava,Camellia sinensis, 

Curcuma longa and Citrus aurentifolia 

 
            To evaluate the antioxidant capacity of plant extracts and essential oils of Psidiumguajava,. Camellia 

sinensis, Curcuma longa and Citrus aurentifolia were carried out on DNA strands scission induced by 

H2O2 and ultraviolet light (UV). The following strategies were adopted regarding the loading of 

samples in wells of electrophoretic gel as revealed in the diagram to find out efficiency of antioxidants. 

     M          1        2        3         4       5       6      78 9        10      11         

 
 

Fig.4.16:  Protective effect of Psidium guajava and Curcuma longa essential oils on 

DNA damage induced by H202 and UV light. 
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M: marker 

UV: ultra-violet                       H202: hydrogen peroxide 

Lane1. Native pBR322 without any treatment  

Lane 2. pBR322 was exposed to  UV alone  

Lane 3. pBR322 + H202 

Lane 4. pBR322 + H202 + UV  

Lane 5. pBR322 + H202 + essential oil  (Psidium gujava 10ul/ml) 

Lane 6.pBR322 + H202+ essential oil (Curcuma longa 10ul/ml) 

 

Lane 7. pBR322 + UV + essential oil (Psidium gujava 100ul/ml) 

Lane 8. pBR322 +  UV + essential oil (Curcuma longa 100ul/ml) 

Lane 9. pBR322+ H202+ essential oil  (Psidium gujava 1000ul/ml) 

Lane 10.pBR322 +H202 + UV + essential oil  (Curcuma longa 1000ul/ml) 

Lane 11.pBR 322 + H202 + UV +essential oil (Curcuma longa 1000ul/ml) 

 

 

 

         M      1             2             3      4          5           6           7       8        9          10             

 

Fig.4.17:  Protective effect of Camellia sinensis and Citrus aurentifolia essential oil on 

DNA damage induced by H202 and UV light. 
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UV: ultra-violet                       H202: hydrogen peroxide 

Lane 1. Native pBR322 without any treatment  

Lane 2. pBR322was exposed to  UV alone  

Lane 3. pBR322 + H202  

Lane 4. pBR322 + H202 + UV  

Lane 5.pBR322 + H202 + essential oil (Camellia sinensis10ul/ml) 

Lane 6.pBR322 + H202 + essential oil (Citrus aurentifolia 10ul/ml) 

Lane 7. pBR322 + UV + essential oil (Camellia sinensis100ul) 

Lane 8. pBR322 +  UV + essential oil (Citrus aurentifolia 100ul/ml) 

Lane 9. pBR322+ H202 + essential oil (Camellia sinensis1000ul/ml) 

Lane 10.pBR322 + H202 + UV + essential oil (Citrus aurentifolia 1000ul/ml) 

      M           1          2       3           4             5            6              7                 8          9         10    

 

Fig.4.18: Protective effect of methanolic extract of Psidium guajava and Curcuma longa 

on DNA damage induced by different sources 

M: marker 

UV: ultra-violet                       H202: hydrogen peroxide 

Lane 1. Native pBR322 without any treatment  

Lane 2. pBR322 was exposed to  UV alone  

Lane 3. pBR322 + H202 

Lane 4. pBR322 + H202 + UV  

Lane 5. pBR322 + H202 + extract (Psidium gujava 10ul/ml) 

Lane 6. pBR322 + H202 + extract (Curcuma longa 10ul/ml) 

Lane 7. pBR322 + UV + extract (Psidium gujava 100ul/ml) 

Lane 8. pBR322 +  UV + extract (Curcuma longa 100ul/ml) 

Lane 9. pBR322+ H202 + extract (Psidium gujava 1000ul/ml) 

Lane10.pBR322 +H202 + UV + extract (Curcuma longa 1000ul/ml) 



 82 

    M              1                    2                  3                  4              5               6           7                          

 

Fig.4.19: Protective effect of Camellia sinensis and Citrus aurentefolia on DNA damage induced by 

different sources 

M: marker 

UV: ultra-violet                                                   H202: hydrogen peroxide 

Lane 1. Native pBR322 without any treatment  

Lane 2. pBR322was exposed to  UV alone  

Lane 3.pBR322 + H202 

       Lane 4.pBR 322 + H202 + UV  

            Lane 5.pBR322 + H202 + extract (Camellia sinnenis10ul/ml) 

Lane6.pBR322 + H202 + extract (Citrus aurentifolis100ul/ml) 

Lane7.pBR322 + UV + extract (Camellia sinenis 100ul/ml) 
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 The antioxidant activity of Curcuma longa, Camellia sinensis, Citrus aurentifolia and 

Psidium gujava were performed by using essential oil  and extract of these medicinal plant 

(different concentration 10 ug/ml, 100ug/ml and 1000 ug/ml were used). Different 

concentration of Cucuma longa, Camellia sinensis, Citrus aurentifolia and Psidium gujava 

used to prevent damage of pBR322 DNA from ultra violet rays (UV) and and hydrogen 

peroxide (H2O2) is shown in Figures 4.16, 4.17, 4.18 and 4.19 In first lane, pBR322 DNA 

was present without any treatment (which may be in super coil form).When second, third and 

fourth lane results were compared with the other lanes, these lanes contain plasmid pBR322 

DNA that was revealed to ultra violet (UV), hydrogen peroxide (H2O2) and both ultra violet 

(UV) and hydrogen peroxide (H2O2). In second lane damage in plasmid pBR322 DNA 

occurred (Which might be due to conversion of DNA super coiled form in linear form).  In 

fifth and sixth lane, 10 μg/mL essential oil and methanol extract were added in plasmid 

pBR322 DNA to study their protecting property. The results from  Figure 4.16, 4.17, 4.18 

and 4.19 clear, when seventh to tenth lane results compared with each other showed the 

protective effects of essential oils  and extract at a concentration of 100 μg/mL and 1000 

ug/ml. Seventh to tenth lane displays a band almost equal  (first lane). The essential oil and 

extracts  of Curcuma longa, Camellia sinensis, Citrus aurentifolia and Psidium gujava at a 

concentration of 10μg/mL (fifth lane and sixth lane) showed protective effect on pBR322 

DNA but less as compared to concentration of 100 μg/mL and 1000 ug/ml  and the band in 

these  lanes were  similar to the dented DNA (second lane). So, the plant  essential oil and 

extracts (100μg/mL and 1000μg/mL) protected the DNA by oxidation products, hydrogen 

peroxide H2O2, ultra violet UV and both hydrogen peroxide H2O2,  ultra violet UV, DNA 

remained in coiled form (protected form). The Curcuma longa, Camellia sinensis, Citrus 

aurentifolia and Psidium gujava extracts and essential oil exhibited protective affect which 

might be due to higher flavonoids and phenoilc contents that protect DNA damage from 

oxidation products and free radicals.   
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4.5: Antioxidant activity 

Table: 4.10 Total flavonoids contents (mg /100 g of CAE) of medicinal plants leaves and rhizome 

extracts 

 

Plants / Variety        Samples 

 (n) 

Methanol Ethanol Acetone 

Psidium gujava 3 602.0 ± 1.00a 351.3± 0.28b 175.0 ± 0.36c 

Camellia sinenis 3 516.6  ±  0.28d 326.7 ± 0.25e 100.0 ± 0.15f 

Curcuma longa 3 542.3 ± 1.52g 425.2 ± 0.36h 200.1 ± 0.25i 

Citrus aurentifolia 3 509.8 ± 1.56j 467.1± 0.20k 150.0 ± 1.00l 

Data were obtained in triplicate form. 

Means in a coloumn and row with different letters are significantly different   because p <0.05 

 

 The total flavonoids were extracted from methanol, ethanol and acetone. The efficiency of 

different solvents showed the pattern of capacity to extract the total flavonoids in the 

following order as methanol> ethanol> acetone. Ethanol and methanol has been proven as 

effectual solvent to extract phenolics compounds as compared to acetone. 

Table 4.11: Total phenolic contents (mg /100 g of GAE) of medicinal plants leaves and rhizome extracts 

Plants / Variety Sample 

(n) 

 

Methanol Ethanol Acetone 

Psidium gujava 3 230.00 ± 1.44a 177.33± 2.28b 87.01 ± 1.21c 

Camellia sinenis 3 220.60  ±  1.23d 198.71 ± 1.25e 54.0 ± 0.66f 

Curcuma longa 3 231.13 ± 0.52a 201.32 ± 0.88e 117.21 ± 0.29g 

Citrus aurentifolia 3 546.80 ± 1.52h 462.1± 0.49i 272.0 ± 1.00j 

Data were obtained in triplicate form. 

Means in a coloumn and row with different letters are significantly different   because p <0.05 

The efficiency of different solvents showed the pattern of capacity to extract the total 

phenolics contents (TPC) in the following order as methanol> ethanol> acetone. Methanol 

and ethanol has been proven as efficient solvent to extract phenolics compound as compared 

to acetone. 
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Table: 4.12 IC50 values of medicinal plants leaves and rhizome extracts 

 

Plants / Variety Sample 

    (n) 

Methanol Ethanol Acetone 

Psidium gujava          3  68.33 ± 1.25a 59.66± 1.22b 46.60 ± 1.55c 

Camellia sinenis 3  73.66  ±  1.0d 41.37 ± 1.00e 48.03 ± 4.04c 

Curcuma longa 3  62.31 ± 1.50abf 70.62 ± 1.52a 62.33 ± 3.01abf 

Citrus aurentifolia 3  65.82 ± 2.60a  79.14± 2.00g 29.0 ± 2.51h 

Data were obtained in triplicate form. 

Means in a coloumn and row with different letters are significantly different   because p <0.05 

Scavenging ability the effective concentration at which the antioxidant activity was inhibited 

by 50%; and1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals were scavenged by 50%. 

BHA taken as a positive control 

The ability of different solvents to extract of DPPH were lowered in the order as methanol> 

ethanol> acetone in case of Psidium guajava and Camellia sinenis. Curcuma longa and 

Citrus aurentifolia showed good results in the order as Ethanol>methanol>acetone. In the 

DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, the ability of extracts act as donors of 

hydrogen atoms or electrons in transformation of DPPH radical into its reduced form was 

investigated. Highest values of percentage inhibition were shown by methanol extracts and 

the lowest values of percentage inhibition were shown by acetone extracts. All the assessed 

extracts were able to reduce the stable, purple-colored radical, DPPH, into the yellow-colored 

DPPH-H, reaching 50% of reduction. 
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Table 4.13 Reducing power ofselected medicinal plants at different concentration (absorbance at 700 nm) 

Plants/variety 

 

Concentration 

(mg/ml) 

Methanol Ethanol Acetone 

 

BHT 

 

Psidium gujava  2.5 0.045± 0.02a 0.044±0.01a 0.023±0.01b 0.046±0.02a 

 5.0 0.082±0.01c 0.076±0.03c 0.033± 0.03b 0.048±0.07a 

 5.0 0.715±0.23c 0.589± 0.33s 0.277±0.22b 0.889±0.10d 

 10 1.960±0.12e 1.671±0.23f 1.871±0.24e 2.01±0.11l 

 12.5 2.92±0.44g 2.59±0.67k 1.187± 0.32d 2.90±0.21g 

Camellia sinenins  2.5 0.041± 0.02a 0.034±0.03ab 0.013±0.04b 0.041±0.01a 

  5.0 0.071±0.04c 0.056±0.07a 0.011±0.03b 0.074±0.03c 

 7.5 0.815± 0.22c 0.682±0.11s 0.373±0.55b 0.719±0.52c 

 10 1.822±0.66e 1.569±0.54f 1.377±0.78b 1.99±0.89e 

 12.5 2.44±0.45k 2.12±0.89l 2.01±0.43l 2.72±0.76g 

Curcuma longa  2.5 0.052±0.12a 0.044±0.44a 0.027±0.88b 0.046±0.71a 

 5.0 0.931±0.15d 0.862±0.98d 0.470±0.56s 0.889±0.54d 

 7.5 1.091±0.11d 0.952±0.33d 0.532±0.65s 1.231±0.98b 

 10 1.771±0.34d 1.522±0.55f 0.972±0.23d 1.992±0.11e 

 12.5 2.512±0.12k 2.091±0.21l 1.077±0.56d 2.89±0.77g 

Citrus aurentifolia  2.5 0.085±0.22c 0.054±0.30a 0.023±0.45b 0.0926±0.22c 

 5.0 0.781±0.34c 0.423±0.99s 0.177±0.23cg 0.831±0.32d 

 7.5 1.032±0.33e 0.981±0.12e 0.451±0.36s 1.342±0.32f 

 10 1.882±0.27e 1.203±0.33bc 0.871±0.41d 1.982±0.21l 

 12.5 3.044±0.43g 2.870±0.21g 1.981±0.44e 3.431±0.22m 

Data were obtained in triplicate form. 

Means in a coloumn and row with different letters are significantly different   because p <0.05 

The reducing power of medicinal plants in different solvents were lowered in the order as 

methanol> ethanol> acetone. Ethanol and methanol has been proven as effective solvent for 

extraction when compared with acetone. 

4.6: Antimicrobial Analysis  

 The crude extracts of antimicrobial plants studied were found to contain one or more phytochemicl 

compounds as phenols, tannic acid, glycosides, saponins and flavonoids. The inhibitory effect of these plants 

extracts on fungus and microorganisms may be due the presence of above mentioned natural/chemicals 

substances. 
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 In fact nature has been provided an excellent source of medicinal plants potential for the treatment of 

metabolic as well as infectious disorders since the time of beginning of human life. In recent years much 

dimensions has been directed towards extracts, essential oils and biologically active protein/peptides and other 

potential compounds isolated from various popular plants species.  
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Table 4.14 Antibacterial activities of Psidium guajava, Camellia sinesis, Curcuma longa and Citrus 

aurentifolia tested against microorganisms by disc diffusion method 

 
Plant species,parts  

and solvents used 

 

 

Zone of inhibition (mm) 

Bacterial strains 

P.gujava 

Leaf 

Solvents B. subtilis S. aureus E. coli P. multocida 

n-Hexane 11.33±0.57g 12.33±1.15g 11.5±1g - 

Chloroform 18.66±1.52a 16.33±3.05f 13±1.73g 15.1±1e 

Ethyl acetate 21±1ab 22.33±1.15b 19±2a 20.33±1.15a 

Methanol 24.33±1.52bc 25.66±3.51c 21±2ab 23.2±2b 

Chloramphenical 25±1c 25.66±0.57c 25±1c 25.62±0.57c 

C.sinesis 

Leaf 

n-Hexane 18.66±1.52a 18.33±2a 21.76±1ab - 

Chloroform 17.33±1.52f 19 ±1.73a 22±1b 21.16±1.52ab 

Ethyl acetate 19±1.73a 18±1a 23±1b 22.46±1.52b 

Methanol 25±1c 24.33±0.57abc 27±1c 28.66±0.57d 

Chloramphenicol 25±1c 24.66±1.52bc 24.33±0.57bc 26.63±0.57c 

C.longa  

Rhizome 

 

n-Hexane 13.16±0.28g 16.31±0.57f 17.5±1.5f - 

Chloroform 21.83±0.76ab 18±1a 22±1b 16.33±3.05f 

Ethyl acetate 27±1c 25±2.64c 22.66±2.08b 26.33±2.51c 

Methanol 24.33±3.05bc 23.66±2.51b 23.66±2.08b 26.33±2.5c 

Chloramphenicol 23±1b 26±1c 26±2c 25.66±2.08c 

C.aurentifolia  

Leaf 

 

n-Hexane 15.66±0.57e 13.33±2.08g 18±2a           - 

Chloroform 19±2a 17.33±1.52af 21±1ab 23.33±1.15b 

Ethyl acetate 24.31±1.52bc 23±3.6b 21±2.64ab 26±1c 

Methanol 21±1.73ab 22±1.52b 27±2c 24±1.73bc 

Chloramphenicol 21.66±3.05ab 25.33±1.15c 27±1.73c 26.33±1.52c 

Values are mean ± standard deviation of three samples of each plant species analyzed 

individually in triplicate. Means followed by different superscript letters in the same rows 

present significant difference (p < 0.05). 

 

B. subtilis (ATCC 10707), S. aureus (ATCC 25923),E. coli (ATCC), P. multocida (strains) 

Abbreviated: P.gujav; Psidium gujava, C.sinesis; Camellia sinenis, C.longa; Curcuma 

longa, Citrus aurentifolia;C.aurentifolia  

Standard drugs used: Chloramphenicol 

Diameter of inhibition zone less than 6.mm  is represented  as “–”. 
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Table 4.15 Antibacterial activities of Psidium guajava, Camellia sinesis, Curcuma longa and Citrus 

aurentifolia tested against microorganisms by streake plate method 

Plant species, parts  

and solvents used 

 

 

Zone of inhibition (mm) 

Bacterial strains 

P.gujava 

Leaf 

Solvents B. subtilis S. aureus E. coli P. multocida 

n-Hexane  12.12±0.21g 11.30±1.12g 10.5±1.1g - 

Chloroform  18.33±1.02a 17.30±1.05f 12±1.23g 16.1±1.2f 

Ethyl acetate  22±1b 21.33±1.05ab 18.05±2a 19.33±1.55a 

Methanol  22.33±1.02b 23.33±1.51b 22±2.05b 24.2±2.1bc 

Chloramphenical 23±1.02b 22.66±0.27b 23±1.03b 24.62±0.27bc 

C.sinesis 

Leaf 

n-Hexane  16.63±1.12f 16.33±2.05f 22.76±1.02b - 

Chloroform  17.33±0.52f 20±1.33a 23±1b 20.16±1.02a 

Ethyl acetate  20±1.23a 20±1.10a 24±1.55bc 21.16±1.22ab 

Methanol  23±0.37b 22.33±0.17b 24±0.50bc 24.66±0.27bc 

Chloramphenical 23±1b 24.66±1.02abc 22.33±0.07b 24.63±2.57bc 

C.longa  

Rhizome 

 

n-Hexane  11.16±0.21g 14.31±0.27e 15.5±1.02f - 

Chloroform  18.33±0.36a 19±1.12a 20±1.22a 23.33±2.05b 

Ethyl acetate  24±1.05bc 25±2.33c 24.66±2.05bc 24.33±2.01bc 

Methanol  24.33±3.05bc 21.66±3.51ab 21.66±1.08ab 24.33±2.42bc 

Chloramphenical 21±1ab 24±1.24abc 24±2.02abc 23.66±1.08b 

C.aurentifolia  

Leaf 

 

n-Hexane  13.66±0.37g 15.33±2.01f 14±2.01e           - 

Chloroform  17±2f 19.33±1.22a 22±1.11b 22.33±1.55b 

Ethyl acetate  22.31±0.52b 21±3.0ab 22±0.64b 24±1.22bc 

Methanol  22±1.73b 22±1.12b 24±2bc 22±1.23b 

Chloramphenical 23.66±1.05b 22.33±1.05b 24±1.23bc 24.33±1.02bc 

Values are mean ± standard deviation of three samples of each plant species analyzed 

individually in triplicate. Means followed by different superscript letters in the same rows 

present significant difference (p < 0.05). 

 

B. subtilis (ATCC 10707), S. aureus (ATCC 25923), E. coli (ATCC), P. multocida (strains) 

Abbreviated: P.gujav; Psidium gujava, C.sinesis; Camellia sinenis, C.longa; Curcuma 

longa; Citrus aurentifolia; C.aurentifolia  

Standard drugs used: Chloramphenicol 

Diameter of inhibition zone less than 6.mm is represented as “–”. 
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Table 4.16 Antifungal activities of Psidium guajava, Camellia sinesis, Curcuma longa                and Citrus 

aurentifolia tested against microorganisms by disc diffusion method 

 

Plant species, parts  

and solvents used 

 

 

Zone of inhibition (mm) 

                                          Fungal strains 

P.gujava 

Leaf 

 

 

 

Solvents A.niger F. solani A. flavus 

n-Hexane 0.00±0.00 0.00±0.00    0.00±0.00 

Chloroform 18.66±0.57a 19±2a 22.66±1.52b 

Ethyl acetate        23±2b 20.33±2.3a 21.2±2ab 

Methanol 24.33±0.57bc 21.66±0.57ab 26.33±2.5c 

Fluconazole   25.33±1.52c 25±1c 24.66±1.15bc 

C.sinesis 

Leaf 

n-Hexane 0.00±0.00 0.00±0.00    0.00±0.00 

Chloroform 18.66 ±2.51a 20±1a 24±2ab 

Ethyl acetate 20±1a 23±1b 19.33±1.12a 

Methanol 22.33±2.08b 21±0.5b 30.3±0.57d 

Fluconazole   26.66±1.52c 26.33±0.57c 27±1c 

C.longa  

Rhizome 

 

n-Hexane 0.00±0.00 0.00±0.00    0.00±0.00 

Chloroform 14.33±2.08e 17.66±1.52f 21.33±3.05ab 

Ethyl acetate 22.66±1.15b 25±1c 19.63±0.57a 

Methanol 19±2a 21±1ab 18.63±0.57a 

Fluconazole   24±2bc 25.66±1.52c 26.66±1.52c 

C.aurentifolia  

Leaf 

 

n-Hexane 0.00±0.00 0.00±0.00    0.00±0.00 

Chloroform 20 ±1.52a 21±1ab 18±1a 

Ethyl acetate 24.33±2.08bc 25±1c 20.33±1.52a 

Methanol 22±1.52b 27±2c 24±1.73bc 

Fluconazole   25±1c 24±0.5bc 26.31±1.07c 

Values are mean ± standard deviation of three samples of each plant species analyzed 

individually in triplicate. Means followed by different superscript letters in the same rows 

present significant difference (p < 0.05). 

 A.niger (ATCC10575), F. solani (ATCC 36031) A. flavus (ATCC 32612) 

Abbreviated: P.gujav; Psidium gujava, C.sinesis; Camellia sinenis, C.longa; Curcuma 

longa; Citrus aurentifolia; C.aurentifolia  

Standard drugs used: Fluconazole 

If no activity present is represented as “0” 
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Table 4.17 Antifungal activities of Psidium guajava, Camellia sinesis, Curcuma longa  and Citrus 

aurentifolia tested against microorganisms by streake plate method 

Plant species, parts  

and solvents used 

 

 

Zone of inhibition (mm) 

                                          Fungal strains 

P.gujava 

Leaf 

 

 

 

Solvents A.niger F. solani A. flavus 

n-Hexane 0.00±0.00 0.00±0.00    0.00±0.00 

Chloroform 15.66±0.52e 16±1.52f 19.66±1.51.1a 

Ethyl acetate        18±1.55a 19.33±2.1a 20.2±0.57a 

Methanol 22.12±0.52b 21.66±1..57ab 24.33±2.1bc 

Fluconazole   23.33±1.12b 24±1bc 23.66±1.11b 

C.sinesis 

Leaf 

n-Hexane 0.00±0.00 0.00±0.00    0.00±0.00 

Chloroform 16.66 ±2.01a 18±1a 22±2.1b 

Ethyl acetate 20±1a 22±1b 20±1.12a 

Methanol 20.33±2.01b 22±0.5b 27±0.52c 

Fluconazole   24.66±1.12bc 24.33±0.37bc 25±1c 

C.longa  

Rhizome 

 

n-Hexane 0.00±0.00 0.00±0.00    0.00±0.00 

Chloroform 11.33±2.01l 14.63±1.50g 16.00±3.01f 

Ethyl acetate 18.66±1.17a 22±1b 17.63±0.27f 

Methanol 20±2.1a 22±1ab 19.20±0.17a 

Fluconazole   23±2.1b 24.66±1.52bc 24.66±1.52bc 

C.aurentifolia  

Leaf 

 

n-Hexane 0.00±0.00 0.00±0.00    0.00±0.00 

Chloroform 21±1.12ab 22±1.22b 19±1a 

Ethyl acetate 22.33±2.04b 24±1abc 22.33±1.32b 

Methanol 23±1.57b 25±2.1c 25±1.33c 

Fluconazole   24±1.12abc 25±0.57c 25.33 ±1.27c 

Values are mean ± standard deviation of three samples of each plant species analyzed 

individually in triplicate. Means followed by different superscript letters in the same rows 

present significant difference (p < 0.05). 

A.niger (ATCC 10575), F. solani (ATCC 36031) A. flavus (ATCC 32612) 

Abbreviated: P.gujav; Psidium gujava, C.sinesis; Camellia sinenis, C.longa; Curcuma 

longa; Citrus aurentifolia; C.aurentifolia  

Standard drugs used: Fluconazole 

If no activity present is represented as “0”. 
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Fig. 4.20 inhibition zone of antimicrobial activity by using medicinal plants extracts 

Table 4.18 Antibacterial activity in terms of minimum inhibitory concentration (MIC) inμg/mL of 

medicinal plants against selected bacterial strains 

 

Plant species, parts  

and solvents used 

 

 

Bacterial strains 

P.gujava 

Leaf 

Solvents B. subtilis S. aureus E. coli P. multocida 

n-Hexane  112±5.21a 167±6.12b 110.±1.1a ND 

Chloroform  230±3.02d 98±4.05c 161±1.23e 316.±6.2f 

Ethyl acetate  237±5.09g 119±5.05a 108.05±2c 288±1.55f 

Methanol  115±4.22a 233±5.51dg 192±2.05l 167±2.1b 

Chloramphenicol 87±4.02c 55±3.27k 89±5.03c 77±4.27c 

C.sinesis 

Leaf 

n-Hexane  166±6.22b 103±5.05ac 220±4.02d ND 

Chloroform  202±4.02ld 200±5.03ld 230±4.91d 206±5.02ld 

Ethyl acetate  188±5.21l 211±6.10ld 322±6.55q 226±6.72d 

Methanol  230±6.07d 302±4.27f 177±4.57e 324±5.27q 

Chloramphenicol 83±4.44c 69±3.02c 402±6.37m 289±6.07f 

C.longa  

Rhizome 

 

n-Hexane  111±3.21a 147±4.27e 155±4.02e ND 

Chloroform  188±4.36l 190±5.12ld 200±4.22ld 233±7.05dg 

Ethyl acetate  224±6.05d 205±5.33ld 246±6.05g 243±6.01g 

Methanol  243±6.55g 216±4.91d 366±5.08q 201±5.72ld 

Chloramphenicol 59±2.08k 87±3.24c 44±2.02k 366±5.04q 

C.aurentifolia  

Leaf 

n-Hexane  136±4.37ab 150±5.01b 140±4.01e           ND 

Chloroform  177±5.09b 193±5.22l 220±5.11d 223±4.55dg 
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 Ethyl acetate  220±4.52d 210±6.00ld 221±6.64d 287±6..22f 

Methanol  220±1.73d 202±6.12ld 204±5.2ld 220±5.23d 

Chloramphenicol 236±1.05g 223±5.05g 240±4.23g 407±6.02m 

Values are mean ± standard deviation of three samples of each plant species analyzed 

individually in triplicate. Means followed by different superscript letters in the same rows 

present significant difference (p < 0.05). 

B. subtilis (ATCC 10707), S. aureus (ATCC 25923), E. coli (ATCC), P. multocida (strains) 

Abbreviated: P.gujav; Psidium gujava, C.sinesis; Camellia sinenis, C.longa; Curcuma 

longa; Citrus aurentifolia; C.aurentifolia  

Standard drugs used: Chloramphenicol 

ND: not detected 

4.7:  Cytotoxicity 

Table 4.19: Cytotoxicity of medicinal plants by using Haemolytic assay (% haemolysis) 

The pattern of cytotoxicity was observed in these medicinal plants extracts as follows The  

Solvent 

Conc. 

Extracts of  Medicinal Plants 

Methanol Psidium guajava 

% 

Camellia sinesis 

% 

Curcuma longa 

% 

Citrus aurentifolia 

% 

 

25µg/ml 0.188 ± 0.002 10 0.079 ± 0.001 4 0.232 ± 0.001 12 0.135 ± 0.070 7 

50µg/ml 0.186 ± 0.002 9 0.074 ± 0.002 4 0.245 ± 0.001 13 0.131 ± 0.002 7 

75µg/ml 0.190 ± 0.002 10 0.075 ± 0.001 4 0.236 ± 0.001 12 0.133 ± 0.002 7 

100µg/ml 0.193 ± 0.002 10 0.076 ± 0.076 3 0.240 ± 0.003 13 0.134 ± 0.001 7 

Ethanol         

25µg/ml 0.184 ± 0.002 10 0.072 ± 0.002 4 0.228 ± 0.077 12 0.134 ± 0.001 7 

50µg/ml 0.188 ± 0.001 10 0.082 ± 0.001 4 0.246 ± 0.004 13 0.136 ± 0.000 7 

75µg/ml 0.193 ± 0.004 10 0.076 ± 0.001 4 0.244 ± 0.003 13 0.135 ± 0.001 7 

100µg/ml 0.195 ± 0.001 11 0.082 ± 0.001  0.245 ± 0.001 13 0.137 ± 0.001 8 

Aquous         
25µg/ml 0.137 ± 0.004 7 0.058 ± 0.001 3 0.200 ± 0.004 11 0.116 ± 0.003    6 

50µg/ml 0.145 ± 0.001 8 0.062 ± 0.001 3 0.204 ± 0.002 10 0.122 ± 0.001    7 

75µg/ml 0.146 ± 0.001 8 0.063 ± 0.00 3 0.201 ± 0.002 11 0.123 ± 0.001    7 

100µg/ml 0.146±0.002 8 0.066±0.000 4 0.210±0.003 11 0.125 ± 0.002    7 
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Values are mean ± standard deviation of three samples of each plant species analyzed 

individually in triplicate. 

Alkaline phosphatase taken as negative control 

Triton taken as positive control 

The pattern of cytotoxocity observed in thes medicinal plants as follows C.longa>P.gujava> 

C.aurentifolia>C.sinenis 

According to percentageC.longa (13%)> P.gujava (10%)> C.aurentifolia (8%)> C.sinenis 

(4%) 

Table 4.20 Brine Shrimp Lethality Test results (LC50 μg/ml) 

 

Plants Parts used Solvents/Extracts LC50 (µg/ml) 

Psidium.gujava Leaf Methanol 155 

Camellia sinesis Leaf Methanol 188 

Citrus aurentifolia Leaf Methanol 181 

Curcuma longa Rhizome Methanol 225 

Psidium.gujava Leaf Ethanol 89 

Camellia sinesis Leaf Ethanol 105 

Citrus aurentifolia Leaf Ethanol 87 

Curcuma longa Rhizome Ethanol 55 

Psidium.gujava Leaf Aquous 127 

Camellia sinesis Leaf Aquous 144 

Citrus aurentifolia Leaf Aquous 97 

Curcuma longa Rhizome Aquous 77 

T =toxic = LC50 values of less than 50μg/ml 

All the plants did show a high concentration that was killing half the brine shrimp larvae 27% 

of the plant extracts did show moderately safe results. 

Artifical sea water taken as a control 

Methanol showed better results as compared to other solvents and extracts. 

Sample taken as a 100µg/ml in each vial 

No. of shrimp in each vial 20 
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4.8: Iron overload in experimental animals 
Table # 4.21: Average values of temperature (°C) in control group 

 

Week Average temperature 

 

Normal temperature 

1st 39.6 38.3 ___ 39.4   

2nd 39.6  38.3 ___ 39.4  

 

3rd 39.6  38.3 ___ 39.4   

 

4th 39.7  

 

38.3 ___ 39.4   

 

5th 39.7  

 

38.3 ___ 39.4  

 

6th 39.6  

 

38.3 ___ 39.4   

 

7th 39.9  

 

38.3 ___ 39.4   

 

8th 40.1  

 

38.3 ___ 39.4   

 

9th 39.9  

 

38.3 ___ 39.4   

 

10th 39.8  

 

38.3 ___ 39.4   

11th  39.8   38.3 ___ 39.4  

 

12th 39.3  38.3 ___ 39.4  

13th 39.8  38.3 ___ 39.4  

 

14th 39.4  38.3 ___ 39.4   

 

15th 39.4  

 

38.3 ___ 39.4  

 

16th 39.6  38.3 ___ 39.4  

 

17th 39.2  38.3 ___ 39.4  

 

18th 39.3  38.3 ___ 39.4  

 

19th 39.8  38.3 ___ 39.4   

20th 39.4  38.3 ___ 39.4  

 

21th 

 

39.4  

 

38.3 ___ 39.4  

 

22th 39.6  38.3 ___ 39.4  

 

23th 39.2  38.3 ___ 39.4   

 

24th 

 

39.3  38.3 ___ 39.4   

 

 

Temprature chart indicates the body temprtature values (°C) of   experimental animal 

throughout the experimentation of control group  

 

 



 96 

Table # 4.22: Average values of temperatures (°C) of oral and intravenous groups 

 

Week Oral 

Average temperature 

 

Intravenous 

Average temperature 

 

Normal temperature 

1st 39.9  

 

40.3  

 

38.3 ___ 39.4  

2nd 39.6  40.1  38.3 ___ 39.4  

 

3rd 40.1  40.1  38.3 ___ 39.4  

 

4th 40.1  

 

39.6  

 

38.3 ___ 39.4  

 

5th 39.9  

 

39.6  

 

38.3 ___ 39.4  

 

6th 39.9 40.3  

 

38.3 ___ 39.4  

 

7th 39.6  

 

40.3  

 

38.3 ___ 39.4  

 

8th 39.9  

 

40.1  

 

38.3 ___ 39.4  

 

9th 40.2  

 

40.3  

 

38.3 ___ 39.4  

 

10th 39.7  

 

39.9  

 

38.3 ___ 39.4  

 

11th 39.7  39.7  38.3 ___ 39.4  

 

12th 39.9  39.7  

 

38.3 ___ 39.4  

13th 40.3  

 

40.4  38.3 ___ 39.4  

 

14th 40.3  40.3  38.3 ___ 39.4  

 

15th 40.2  

 

 

40.4  

 

38.3 ___ 39.4  

 

16th 40.2  40.6  38.3 ___ 39.4  

 

 

This temprature chart indicates recorded body temprtature values (°C) of experimental 

animals throughout the experimentation regarding the occuerence of iron overload through 

oral and intravenous routes 
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Graph 4.21: Represent the pattern of weight (kg) in experimental animals regarding the iron 

overload in oral and intravenous groups compare with control group (without any treatment) 

Table4.23: Analysis of variance for Ferritin (nm) in occurrence of iron overload 

Source of 

variation 

Degrees of 

freedom 

Sum of squares Mean squares    F-value        P-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

20.8571  

63.6686  

13.0514  

 2.3344  

99.9115 

3.4762  

31.8343  

 1.0876  

 0.0556 

62.54**   0.0000 

572.76**   0.0000 

 19.57**   0.0000 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two factor factorial) showed significant difference of ferritin level among weeks, 

groups and interaction b/w weeks x groups. 
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Table 4.24 Week x Group interaction mean±SE (ferritin) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 4.10 ± 0.12jk 4.40 ± 0.12ij 5.30 ± 0.10h 4.60 ± 0.19F 

W2 4.10 ± 0.05jk 5.90 ± 0.16g 5.50 ± 0.14h 5.17 ± 0.28E 

W3 3.90 ± 0.12k 5.90 ± 0.16g 7.40 ± 0.06b 5.73 ± 0.51D 

W4 4.10 ± 0.06jk 7.10 ± 0.13bc 6.10 ± 0.12fg 5.77 ± 0.44CD 

W5 4.70 ± 0.06i 6.70 ± 0.18de 6.90 ± 0.09cd 6.10 ± 0.36B 

W6 4.40 ± 0.13ij 6.40 ± 0.14ef 7.10 ± 0.09bc 5.97 ± 0.41BC 

W7 4.70 ± 0.15i 6.80 ± 0.17cd 7.90 ± 0.29a 6.47 ± 0.48A 

Mean 4.29 ± 0.07C 6.17 ± 0.19B 6.60 ± 0.21A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to ferritin serum level interaction among weeks x groups in  W2, W3, W4, W6  

and W7 showed significant difference when iron induced oral group compared with control 

group and all other groups showed non-significant difference. The intravenous W2, W3, W4, 

W5, W6 and W7 showed significant difference when compared with control group but all 

others showed non-significant difference. The means of these weeks showed significanct 

difference among W1, W2 and W7 while all other groups W3, W4, W5 and W6 showed non-

significant difference. 
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Table 4.25: Analysis of variance for Total Protein (g/dl) in occurrence of iron overload 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares       F-value   

Week 

Group 

Week x Group 

Error 

Total 

6 

2 

12 

42 

62 

46.3153 

30.7388 

14.6213 

 5.3873 

97.0626 

  7.7192 

 15.3694 

  1.2184 

  0.1283 

60.18* 

119.82** 

  9.50** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two fator factorial) showed significant difference of total protein level among 

weeks, groups and interaction b/w weeks x groups. 

Table 4.26: Week x Group interaction mean±SE (total protein) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 6.30 ± 0.12gh 6.30 ± 0.11gh 6.30 ± 0.09gh 6.30 ± 0.05D 

W2 6.70 ± 0.23fg 6.70 ± 0.29fg 6.90 ± 0.13f 6.77 ± 0.12C 

W3 6.10 ± 0.13h 6.90 ± 0.13f 7.60 ± 0.05de 6.87 ± 0.22C 

W4 6.60 ± 0.16fgh 7.90 ± 0.13d 9.10 ± 0.24bc 7.87 ± 0.37B 

W5 6.90 ± 0.11f 7.90 ± 0.19d 8.90 ± 0.26c 7.90 ± 0.31B 

W6 7.10 ± 0.08ef 9.10 ± 0.28bc 9.50 ± 0.30b 8.57 ± 0.39A 

W7 6.90 ± 0.20f 8.90 ± 0.19c 10.20 ± 0.46a 8.67 ± 0.50A 

Mean 6.66 ± 0.09C 7.67 ± 0.23B 8.36 ± 0.31A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

. 

According to total protein serum level interaction among weeks x groups in  W3, W4, W5, 

W6  and W7 showed significance difference when iron induced oral group compared with 

control group and all other showed non-significant difference. The intravenous W3, W4, W5, 

W6, W6 and W7 showed significant difference when compared with control group and all 
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others showed non–significant difference. The means of these weeks showed significant 

difference between W1 while all other groups W2, W3, W4, W5, W6 and W7 showed non-

significant difference. 

Table 4.27: Analysis of variance for Albumin (g/dl) in occurrence of iron overload 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

30.5343 

37.2943 

18.4257 

 1.9686 

88.2229 

5.0890 

18.6471 

 1.5355 

 0.0469 

108.57** 

397.84** 

 32.76** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two factor factorial) showed significant difference of Albumin level among weeks, 

groups and interaction b/w weeks x groups. 

Table 4.28: Week x Group interaction mean±SE (Albumin) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 3.70 ± 0.13ij 4.50 ± 0.06fg 3.90 ± 0.08i 4.03 ± 0.13D 

W2 3.50 ± 0.13j 4.70 ± 0.10ef 3.70 ± 0.12ij 3.97 ± 0.19D 

W3 3.90 ± 0.10i 4.90 ± 0.10de 4.90 ± 0.12de 4.57 ± 0.17C 

W4 3.90 ± 0.09i 6.10 ± 0.19c 6.20 ± 0.13c 5.40 ± 0.38B 

W5 3.90 ± 0.08i 5.90 ± 0.05c 6.70 ± 0.22b 5.50 ± 0.42B 

W6 4.00 ± 0.06hi 5.10 ± 0.11d 7.30 ± 0.07a 5.47 ± 0.49B 

W7 4.30 ± 0.06gh 6.10 ± 0.20c 6.90 ± 0.21b 5.77 ± 0.39A 

Mean 3.89 ± 0.06C 5.33 ± 0.15B 5.66 ± 0.31A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 
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According to albumin  serum level interaction among weeks x groups in  W1, W2, W3, W4, 

W5, W6  and W7 showed significance difference when iron induced oral group compared 

with control group. The intravenous W3, W4, W5, W6 and W7 showed significant difference 

when compared with control group and all others showed non–significant difference. The 

means of these weeks showed significance difference between W3 and W7 while all other 

groups W2, W3, W4, W5 and W6 showed non-significant difference. 

Table 4.29Analysis of variance for SGPT (U/L) in occurrence of iron overload 

 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

9731.4 

22835.7 

 6990.0 

 1238.9 

40796.0 

1621.9  

11417.9  

  582.5  

   29.5 

54.98** 

387.08** 

 19.75** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two fator factorial) showed highly significant difference of SGPT level among 

weeks, groups and interaction b/w weeks x groups. 
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Table 4.30: Week x Group interaction mean±SE (SGPT) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 11.00 ± 0.76fg 11.00 ± 0.72fg 52.00 ± 3.93d 24.67 ± 6.93DE 

W2 11.60 ± 0.32fg 11.60 ± 0.76fg 59.00 ± 5.25cd 27.40 ± 8.05D 

W3 13.00 ± 0.51fg 8.10 ± 0.53g 42.00 ± 4.16e 21.03 ± 5.43E 

W4 12.60 ± 0.72fg 35.00 ± 3.14e 59.00 ± 5.38cd 35.53 ± 6.94C 

W5 14.00 ± 0.90fg 67.00 ± 5.12bc 62.00 ± 5.12c 47.67 ± 8.71B 

W6 14.10 ± 1.10fg 65.00 ± 3.78bc 71.00 ± 4.21ab 50.03 ± 9.18AB 

W7 19.00 ± 1.01f 67.00 ± 2.69bc 76.67 ± 3.14a 54.22 ± 9.00A 

Mean 13.61 ± 0.60C 37.81 ± 5.89B 60.24 ± 2.78A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to SGPT level interaction among weeks x groups in W4, W5, W6  and W7 

showed significant difference when iron induced oral group compared with control group and 

all other showed non–significant difference. The intravenous W1, W2, W3, W4, W5, W6 and 

W7 showed significant difference when compared with control group. The means of these 

weeks showed significance difference between W3 and W4 while all other groups W1, W2, 

W5, W6 and W7 showed non-significant difference. 
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Table 4.31Analysis of variance for SGOT(U/L) in occurrence of iron overload 

 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

10159.7 

12863.1 

 3756.9 

 1220.0 

27999.8 

1693.3 

6431.6 

 313.1 

  29.0 

  58.29** 

 221.41** 

  10.78** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two fator factorial) showed highly significant difference of SGOT level among 

weeks, groups and interaction b/w weeks x groups. 

Table 4.32: Week x Group interaction mean±SE (SGOT) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 9.00 ± 0.51gh 19.00 ± 1.57c-f 27.00 ± 3.65c 18.33 ± 2.85D 

W2 7.00 ± 0.12h 15.00 ± 0.85d-h 14.00 ± 0.76e-h 12.00 ± 1.30E 

W3 11.00 ± 0.29fgh 22.00 ± 1.44cde 52.00 ± 3.70b 28.33 ± 6.23C 

W4 14.00 ± 0.40e-h 57.00 ± 4.73b 49.00 ± 5.24b 40.00 ± 6.91B 

W5 13.00 ± 0.81fgh 49.00 ± 5.51b 52.00 ± 4.10b 38.00 ± 6.58B 

W6 16.00 ± 1.06d-g 51.00 ± 4.76b 69.00 ± 4.04a 45.33 ± 7.99A 

W7 23.00 ± 0.23cd 55.00 ± 2.87b 66.00 ± 4.90a 48.00 ± 6.65A 

Mean 13.29 ± 1.10C 38.29 ± 4.02B 47.00 ± 4.32A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to SGOT level interaction among weeks x groups in  W1, W3, W4, W5, W6  and 

W7 showed significance difference when iron induced oral group compared with control 
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group and all other showed non–significant difference. The intravenous W1, W3, W4, W5, 

W6 and W7 showed significant difference when compared with control group and all others 

showed non – significant difference. The means of these weeks showed significance 

difference between W1, W2 and W3 while all other groups W4, W5, W6 and W7 showed 

non-significant difference. 

Table 4.33Analysis of variance for ALP (U/L) in occurrence of iron overload 

 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

112025.6 

 48726.0 

 20003.1 

  7524.0 

188278.7 

18670.9 

24363.0 

 1666.9 

  179.1 

104.22** 

136.00** 

  9.30** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two fator factorial) showed highly significant difference of ALP level among 

weeks, groups and interaction b/w weeks x groups. 
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4.34Week x Group interaction mean±SE (ALP) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 24.00 ± 1.40hi 22.00 ± 1.62i 37.00 ± 2.42hi 27.67 ± 02.53E 

W2 27.00 ± 1.97hi 67.00 ± 3.25fg 87.00 ± 4.69ef 60.33 ± 08.99D 

W3 25.00 ± 1.44hi 45.00 ± 3.57gh 144.00 ± 7.73cd 71.33 ± 18.56D 

W4 102.00 ± 5.10e 138.00 ± 10.3d 137.00 ± 9.75d 125.67 ± 07.35BC 

W5 74.00 ± 3.28f 144.00 ± 15.7cd 152.00 ± 10.3bcd 123.33 ± 13.56C 

W6 107.00 ± 7.05e 164.33 ± 10.1abc 169.00 ± 13.4ab 146.78 ± 11.28A 

W7 77.00 ± 3.57f 155.67 ± 9.95bcd 181.00 ± 9.58a 137.89 ± 16.19AB 

Mean 62.29 ± 7.67C 105.14 ± 12.48B 129.57 ± 10.85A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to ALP  level interaction among weeks x groups in  W2, W4, W5, W6  and W7 

showed significance difference when iron induced oral group compared with control group 

and all other showed non–significant difference. The intravenous W2, W3, W4, W5, W6 and 

W7 showed significant difference when compared with control group and all others showed 

non – significant difference. The means of these weeks showed significance difference 

between W1 while all other groups W2, W3, W4, W5, W6 and W7 showed non-significant 

difference. 
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Table 4.35:  Analysis of variance for Billirubin total (mg/dl) in occurrence of iron 

overload 

 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

4.22857 

2.75429 

1.38571 

0.13920 

8.50777 

0.70476 

1.37714 

0.11548 

0.00331 

212.64** 

415.52** 

 34.84** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two fator factorial) showed highly significant difference of Billirubin level among 

weeks, groups and interaction b/w weeks x groups. 

 

Table 4.36 Week x Group interaction mean±SE (Billirubin total) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 0.200 ± 0.000j 0.200 ± 0.006j 0.300 ± 0.006i 0.233 ± 0.017E 

W2 0.300 ± 0.006i 0.300 ± 0.006i 0.500 ± 0.031g 0.367 ± 0.035D 

W3 0.300 ± 0.032i 0.200 ± 0.012j 0.300 ± 0.012i 0.267 ± 0.020E 

W4 0.300 ± 0.012i 0.400 ± 0.012h 1.100 ± 0.050 0.600 ± 0.127C 

W5 0.600 ± 0.025f 0.400 ± 0.012h 1.200 ± 0.051b 0.733 ± 0.121B 

W6 0.400 ± 0.026h 0.700 ± 0.025e 1.200 ± 0.101b 0.767 ± 0.121B 

W7 0.700 ± 0.031e 0.800 ± 0.029d 1.400 ± 0.035a 0.967 ± 0.110A 

Mean 0.400 ± 0.038B 0.429 ± 0.049B 0.857 ± 0.099A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 
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According to Billirubin total   level interaction among weeks x groups in  W3, W4, W5, W6  

and W7 showed significance difference when iron induced oral group compared with control 

groups and all other showed non – significant difference. The intravenous W1, W2, W5, W6 

and W7 showed significant difference when compared with control group and all others 

showed non – significant difference. The means of these weeks showed significance 

difference between W2, W4 and and W7 while all other groups W1, W3, W5 and W6 weeks 

showed non-significant difference. 

Table 4.37: Analysis of variance for Billirubin direct (mg/dl) in occurrence of iron 

overload 

 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

0.378943 

0.596600 

0.411600 

0.057000 

1.444143 

0.063157 

0.298300 

0.034300 

0.001357 

46.54** 

219.80** 

 25.27** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two fator factorial) showed highly significant difference of Billirubin direct level 

among weeks, groups and interaction weeks x groups. 
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Table 4.38: Week x Group interaction mean±SE (Billirubin direct) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 0.300 ± 0.006e 0.300 ± 0.010e 0.300 ± 0.015e 0.300 ± 0.006E 

W2 0.300 ± 0.015e 0.500 ± 0.006c 0.300 ± 0.006e 0.367 ± 0.034CD 

W3 0.200 ± 0.010f 0.500 ± 0.029c 0.300 ± 0.017e 0.333 ± 0.045DE 

W4 0.200 ± 0.015f 0.600 ± 0.036b 0.610 ± 0.026b 0.470 ± 0.069B 

W5 0.200 ± 0.015f 0.400 ± 0.032d 0.400 ± 0.015d 0.333 ± 0.035DE 

W6 0.200 ± 0.015f 0.400 ± 0.026d 0.600 ± 0.040b 0.400 ± 0.060C 

W7 0.400 ± 0.031d 0.700 ± 0.015a 0.500 ± 0.012c 0.533 ± 0.045A 

Mean 0.257 ± 0.017C 0.486 ± 0.029B 0.430 ± 0.030A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to Billirubin direct  level interaction among weeks x groups in W2, W3, W4, W5, 

W6  and W7 showed significance difference when iron induced oral group compared with 

control groups and all other showed non – significant difference. The intravenous W4, W5, 

W6and W7 showed significant difference when compared with control group and all others 

showed non–significant difference. The means of these weeks showed significance 

difference between W7 while all other groups W1, W2, W3, W4, W5 and W6 weeks showed 

non-significant difference. 
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Table 4.39: Analysis of variance for Billirubin indirect (mg/dl) in occurrence of iron 

overload 

 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

2.70857 

0.44571 

0.57429 

0.11560 

3.84417 

0.45143 

0.22286 

0.04786 

0.00275 

164.01** 

 80.97** 

 17.39** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two fator factorial) showed highly significant difference of Billirubin indirect level 

among weeks, groups and interaction b/w weeks x groups. 

Table 4.40: Week x Group interaction mean±SE (Billirubin indirect) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 0.200 ± 0.010g 0.200 ± 0.015g 0.200 ± 0.015g 0.200 ± 0.007E 

W2 0.300 ± 0.015f 0.300 ± 0.029f 0.500 ± 0.031d 0.367 ± 0.036D 

W3 0.400 ± 0.029e 0.700 ± 0.040c 0.400 ± 0.021e 0.500 ± 0.052C 

W4 0.400 ± 0.023e 0.900 ± 0.042a 0.700 ± 0.038c 0.667 ± 0.075B 

W5 0.700 ± 0.021c 0.700 ± 0.032c 0.700 ± 0.026c 0.700 ± 0.013B 

W6 0.700 ± 0.031c 0.900 ± 0.050a 0.800 ± 0.050b 0.800 ± 0.036A 

W7 0.500 ± 0.025d 0.900 ± 0.023a 0.900 ± 0.029a 0.767 ± 0.068A 

Mean 0.457 ± 0.040C 0.657 ± 0.062A 0.600 ± 0.052B    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to Billirubin indirect  level interaction among weeks x groups in W3, W4,  W6,   

and W7 showed significance difference when iron induced oral group compared with control 
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groups and all other showed non – significant difference. The intravenousW2, W4, W6,  and 

W7 showed significant difference when compared with control group and all others showed 

non–significant difference. The means of these weeks showed significance difference 

between W1, W2 and W3 while all other groups W4, W5, W6 and W7 weeks showed non-

significant difference. 

Table 4.41: Analysis of variance for IgG (mg/dl) in occurrence of iron overload 

 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

  3912806 

 12541191 

  1200378 

   327669 

 17982044 

  652134 

 6270596 

  100032 

    7802 

83.59** 

803.75** 

 12.82** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two factor factorial) showed highly significant difference of IgG level among 

weeks, groups and interaction b/w weeks x group. 
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Table 4.42: Week x Group interaction mean±SE (IgG) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 1100 ± 30.6k 1680 ± 34.1f 1722 ± 30.0f 1501 ± 101.6E 

W2 1300 ± 50.1i 1920 ± 50.6e 1890 ± 68.1e 1703 ± 104.9D 

W3 1277 ± 56.6ij 2200 ± 51.9d 2200 ± 78.5d 1892 ± 157.1C 

W4 1600 ± 19.6fg 2365 ± 59.5c 2500 ± 44.5bc 2155 ± 141.9AB 

W5 1489 ± 24.8gh 2372 ± 59.5c 2595 ± 77.9ab 2152 ± 171.4AB 

W6 1139 ± 27.1jk 2454 ± 22.5bc 2657 ± 71.6a 2083 ± 239.0B 

W7 1401 ± 40.4hi 2500 ± 63.5bc 2734 ± 40.9a 2212 ± 206.9A 

Mean 1329 ± 39.3C 2213 ± 65.2B 2328 ± 84.6A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to IgG level interaction among weeks x groups in W1, W2, W3, W4, W5, W6   

and W7 showed significance difference when iron induced oral group compared with control 

groups. The intravenous W1, W2, W3, W4, W5, W6 and W7 showed significant difference 

when compared with control group. The means of these weeks showed significance 

difference between W1, W2 and W3 while all other groups W4, W5, W6 and W7 weeks 

showed non-significant difference. 
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Table 4.43: Analysis of variance for Gloublin (g/dl) in occurrence of iron overload 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

5.74857 

 2.21429 

11.86571 

 0.75040 

20.57897 

0.95810 

1.10714 

0.98881 

0.01787 

53.62** 

61.97** 

55.34** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two factor factorial) showed highly significant difference of Gloublin level among 

weeks, groups and interaction b/w weeks x groups. 

Table 4.44: Week x Group interaction mean±SE (Gloublin) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 2.60 ± 0.06gh 1.80 ± 0.03k 2.40 ± 0.02hi 2.27 ± 0.12E 

W2 3.20 ± 0.02bc 2.00 ± 0.06jk 3.20 ± 0.02bc 2.80 ± 0.20B 

W3 2.20 ± 0.06ij 2.00 ± 0.05jk 2.70 ± 0.06fg 2.30 ± 0.11DE 

W4 2.70 ± 0.09fg 1.80 ± 0.05k 2.90 ± 0.11def 2.47 ± 0.17C 

W5 3.00 ± 0.10cde 2.00 ± 0.10jk 2.20 ± 0.10ij 2.40 ± 0.16CD 

W6 3.10 ± 0.13bcd 4.00 ± 0.11a 2.20 ± 0.10ij 3.10 ± 0.27A 

W7 2.60 ± 0.09gh 2.80 ± 0.08efg 3.30 ± 0.04b 2.90 ± 0.11B 

Mean 2.77 ± 0.08A 2.34 ± 0.17B 2.70 ± 0.10A    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to Gloublin level interaction among weeks x groups in W1, W2,W4, W5 and W6  

showed significance difference when iron induced oral group compared with control group 

and W3 and W7 showed non – significant difference. The intravenous W5 showed non– 

significant difference when compared with control group and other showed non – significant 

difference.The means of these weeks showed significance difference between W6 and W7 

while all other weeks showed non-significant difference. 
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Table 4.45: Analysis of variance for A/G (mg/ml) ratio in occurrence of iron overload 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week 

Group 

Week x Group 

Error 

Total 

6 

 2 

12 

42 

62 

4.9886 

11.6771 

14.6229 

 0.8542 

32.1428 

0.8314 

5.8386 

1.2186 

0.0203 

40.88** 

287.08** 

 59.92** 

* = Significant (P<0.05); NS = Non-significant (P>0.05); ** = highly significant (P<0.01) 

ANOVA (two fator factorial) showed significant difference of A/G ratio level among weeks, 

groups and interaction b/w weeks x groups. 

Table 4.46:  Week x Group interaction mean±SE (A/G ratio) 

Week Group Mean 

Control 
Iron induced 

(oral) 

Iron induced 

(intravenous) 

W1 1.40 ± 0.05hi 2.50 ± 0.16c 1.60 ± 0.10gh 1.83 ± 0.18B 

W2 1.00 ± 0.05k 2.30 ± 0.09cd 1.10 ± 0.05jk 1.47 ± 0.21C 

W3 1.70 ± 0.09g 2.40 ± 0.09c 1.80 ± 0.08fg 1.97 ± 0.12B 

W4 1.40 ± 0.03hi 3.30 ± 0.09a 2.10 ± 0.05de 2.27 ± 0.28A 

W5 1.30 ± 0.02ij 2.90 ± 0.10b 3.00 ± 0.13b 2.40 ± 0.28A 

W6 1.20 ± 0.05ijk 1.20 ± 0.07ijk 3.30 ± 0.10a 1.90 ± 0.35B 

W7 1.60 ± 0.05gh 2.10 ± 0.09de 2.00 ± 0.05ef 1.90 ± 0.08B 

Mean 1.37 ± 0.05C 2.39 ± 0.14A 2.13 ± 0.16B    

Means in a coloumn and row with similar letters are statistically non-significant (P>0.05). Capital letters used to 

represent overall mean but small letters shows comparison and interaction among mean. 

According to A/G ratio level interaction among weeks x groups in W1, W2, W3, W4, W5 

and W7 showed significance difference when iron induced oral group compared control 

group and W6 showed non – significant difference.When intravenous W4, W5, W6 and W7 

showed non – significant difference when compared with control group and other showed 

non – significant difference.The means of these weeks showed significance difference 

between W2 while all other weeks showed non-significant difference. 
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Recovery phase: 
 

Table: 4.47 Average temperatures (°C) of oral group treated with natural iron chelating agents 

 

Weeks P.gujava 

 

C.sinenis 

 

C.longa 

 

C.aurentifolia 

 

Normal temperature 

 

1st 40.2 

 

40.2 

 

40.2 

 

40.2 

 

38.3 ___ 39.4 

2nd 40.1 40.1 40.2 40.2 

 

38.3 ___ 39.4 

 

3rd 39.9 40.2 40.1 40.1 

 

38.3 ___ 39.4 

 

4th 39.7 

 

40.1 

 

39.9 

 

39.9 

 

38.3 ___ 39.4 

 

5th 39.5 

 

40.3 

 

39.7 

 

39.8 

 

38.3 ___ 39.4 

 

6th 40.3 

 

39.3 

 

39.3 

 

39.9 

 

38.3 ___ 39.4 

 

7th 39.9 

 

39.1 

 

39.1 

 

39.6 

 

38.3 ___ 39.4 

 

8th 39.2 

 

39.1 

 

39.4 

 

39.7 

 

38.3 ___ 39.4 

 

 

Temprature chart indicates the recorded body temprtature values (°C) of experimental 

animals throughout the experimentation regarding the natural chelating agents of iron 

overload through oral route 
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Table: 4.48 Average temperatures (°C) of intravenous group treated with natural iron chelating agents 

 

Weeks P. gujava 

 

C.sinenis 

 

C.longa 

 

C.aurentifolia 

 

Normal temperature 

 

1st 40.3 

 

40.2 

 

40.2 

 

40.4 

 

38.3 ___ 39.4 

2nd 40.1 39.9 40.3 40.1 38.3 ___ 39.4 

 

3rd 39.9 39.9 40.3 40.1 38.3 ___ 39.4 

 

4th 39.5 

 

39.7 

 

40.1 

 

40.1 

 

38.3 ___ 39.4 

 

5th 39.3 39.3 39.3 39.9 38.3 ___ 39.4 

 

6th 39.3 39.3 39.1 39.5 38.3 ___ 39.4 

 

7th 39.1 

 

39.4 

 

38.9 

 

39.5 

 

38.3 ___ 39.4 

 

8th 39.3 

 

39.4 

 

38.9 

 

39.4 

 

38.3 ___ 39.4 

 

 

Temprature chart indicates the recorded body temprtature values (°C) of experimental animals throughout the 

experimentation regarding the natural chelating agents of iron overload through intravenous route 
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Table: 4.49 Average temperatures (°C) of oral group treated with synthetic iron chelating agents 

 

Weeks Deferoxamine 

 

Deferiprone 

 

Normal temperature 

 

1st 40.4 

 

40.3 

 

38.3 ___ 39.4 

2nd 40.1 39.9 38.3 ___ 39.4 

 

3rd 39.9 39.9 38.3 ___ 39.4 

 

4th 39.5 

 

39.7 

 

38.3 ___ 39.4 

 

5th 39.3 39.3 38.3 ___ 39.4 

 

6th 39.3 39.3 38.3 ___ 39.4 

 

7th 39.1 

 

39.4 

 

38.3 ___ 39.4 

 

8th 39.3 

 

39.4 

 

38.3 ___ 39.4 

 

Temprature chart indicates the recorded body temprtature values (°C) of experimental 

animals throughout the experimentation regarding the synthetic chelating agents of iron 

overload through oral route 

Table: 4.50 Average temperatures (°C) of intravenous group treated with synthetic iron chelating agents 

 

  Weeks                                                                Deferoxamine 

 

   Deferiprone 

 

 Normal temperature 

 

1st 40.3 40.3 

 

38.3 ___ 39.4 

2nd 40.2 39.3 38.3 ___ 39.4 

 

3rd 39.7 39.7 38.3 ___ 39.4 

 

4th 39.5 

 

39.7 

 

38.3 ___ 39.4 

 

5th 39.5 39.4 38.3 ___ 39.4 

 

6th 39.4 39.3 38.3 ___ 39.4 

 

7th 39.2 

 

39.4 

 

38.3 ___ 39.4 

 

8th 39.1 

 

39.2 

 

38.3 ___ 39.4 
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Temprature chart indicates the recorded body temprtature values (°C) of experimental 

animals throughout the experimentation regarding the synthetic chelating agents of iron 

overload through intravenous route 

Table 4.53Analysis of variance for animal weight(Kg) in natural iron chelating agents 

(recovery phase) 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treatment (T) 

W G 

WT 

GT 

W  G T 

Error 

Total 

   7 

   1 

   3 

   7 

  21 

   3 

  21 

 128 

 191 

0.268923 

0.003502 

0.023735 

0.005773 

0.014340 

0.019427 

0.014465 

0.215933 

0.566098 

0.038418 

 0.003502 

 0.007912 

 0.000825 

 0.000683 

 0.006476 

 0.000689 

 0.001687 

22.77** 

 2.08NS 

 4.69** 

 0.49NS 

 0.40NS 

 3.84* 

 0.41NS 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = highly significant (P<0.01) 

             The results of table # 4.50 (three factor factorial) showed that weight among weeks, 

treatments and interaction of groups x treatments found significant differences while 

groups,interaction of weeks x groups, weeks x treatments and weeks x groups x treatments 

showed non-significant differences. 

Table 4.52Treatments Group interaction mean±SE (weight) 

Group                                       Treatments Mean 

P. gujava C. sinesis C. longa C. aurentifolia 

Oral. 2.068±0.008b 2.085±0.008ab 2.040±0.014c 2.066±0.009b 2.065±0.005B 

Intrav. 2.065±0.013b 2.068±0.011b 2.065±0.012b 2.097±0.010a 2.074±0.006A 

Mean 2.066±0.008AB 2.076±0.007A 2.053±0.009B 2.082±0.007A  

The interaction among treatments x group in case of oral and intravenous method were found 

significant. 

 



 118 

Table 4.53 Week treatmentsinteractionmean±SE (weight) 

Week Treatments Mean 

P. gujava C. sinesis C. longa C. aurentifolia 

W1 2.120±0.013 2.120±0.015 2.120±0.010 2.120±0.013 2.120±0.006A 

W2 2.118±0.013 2.107±0.017 2.098±0.023 2.108±0.012 2.108±0.008AB 

W3 2.100±0.024 2.103±0.007 2.090±0.015 2.103±0.024 2.099±0.009AB 

W4 2.090±0.008 2.090±0.012 2.063±0.013 2.100±0.010 2.086±0.006B 

W5 2.050±0.012 2.068±0.014 2.032±0.025 2.093±0.011 2.061±0.009C 

W6 2.033±0.008 2.060±0.020 2.013±0.022 2.062±0.018 2.042±0.009CD 

W7 2.015±0.009 2.045±0.015 2.007±0.023 2.043±0.016 2.028±0.009DE 

W8 2.005±0.014 2.018±0.019 1.997±0.026 2.023±0.015 2.011±0.009E 

The interaction between weeks x treatments were found non - significant regarding the oral 

and intravenous routes for chelating of iron overload. 

Table 4.54 Week  treatments  Group interaction mean±SE (weight) 

Group 

Week 

Treatments Mean 

(G  W) P. gujava C. sinesis C. longa C. aurentifolia 

G1W1 2.107±0.009 2.107±0.009 2.107±0.009 2.107±0.009 2.107±0.004 

G1W2 2.107±0.018 2.103±0.009 2.090±0.012 2.097±0.015 2.099±0.006 

G1W3 2.090±0.015 2.107±0.012 2.077±0.013 2.103±0.012 2.094±0.007 

G1W4 2.097±0.012 2.107±0.013 2.057±0.024 2.097±0.012 2.089±0.009 

G1W5 2.060±0.015 2.087±0.009 2.010±0.049 2.073±0.003 2.058±0.014 

G1W6 2.047±0.003 2.087±0.026 2.000±0.044 2.027±0.003 2.040±0.014 

G1W7 2.020±0.015 2.053±0.027 1.990±0.044 2.013±0.007 2.019±0.013 

G1W8 2.020±0.015 2.033±0.033 1.990±0.040 2.013±0.026 2.014±0.014 

G2W1 2.133±0.024 2.133±0.028 2.133±0.017 2.133±0.024 2.133±0.010 

G2W2 2.130±0.021 2.110±0.038 2.107±0.049 2.120±0.020 2.117±0.015 

G2W3 2.110±0.049 2.100±0.010 2.103±0.029 2.103±0.052 2.104±0.017 

G2W4 2.083±0.012 2.073±0.018 2.070±0.015 2.103±0.018 2.083±0.008 

G2W5 2.040±0.021 2.050±0.025 2.053±0.018 2.113±0.013 2.064±0.012 

G2W6 2.020±0.010 2.033±0.024 2.027±0.018 2.097±0.019 2.044±0.012 

G2W7 2.010±0.012 2.037±0.020 2.023±0.023 2.073±0.017 2.036±0.011 

G2W8 1.990±0.023 2.003±0.023 2.003±0.041 2.033±0.018 2.008±0.013 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among weeks x treatments x groups in case of oral and intravenous routes 

were found non–significant. 
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Table 4.55 Analysis of variance for animal weight (Kg) in synthetic iron chelating 

agents (Recovery phase) 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treatments (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

7 

 1 

 1 

 7 

 7 

 1 

 7 

64 

95 

0.013399 

 0.229126 

 0.004401 

 0.220766 

 0.009291 

 0.006834 

 0.010391 

 0.055067 

 0.549274 

0.001914 

 0.229126 

 0.004401 

 0.031538 

 0.001327 

 0.006834 

 0.001484 

 0.000860 

  2.22* 

266.30** 

  5.12* 

 36.65** 

  1.54NS 

  7.94** 

  1.73NS 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = highly significant (P<0.01) 

ANOVA (three fator factorial) showed significant difference of animal weight among weeks, 

groups, treatments, weeks x group and groups x treatments While weeks x 

treatments and weeks x group x treatments showed non- significant difference. 

Table 4.56 Treatments  Group interaction mean±SE (weight) 

Group                             Treatments Mean 

Deferoxamine Deferiprone 

Oral 2.034±0.017b 2.065±0.009a 2.049±0.010A 

Intrav. 1.953±0.008c 1.950±0.011c 1.952±0.007B 

Mean 1.994±0.011B 2.007±0.011A  

The interaction among treatments x groups in case of oral and intravenous method were 

found significant. 

 

 

  



 120 

Table 4.57  Week  Treatments interactionmean±SE (weight) 

Week                        Treatments Mean 

Deferoxamine Deferiprone 

W1 2.013±0.055 2.013±0.054 2.013±0.037A 

W2 2.013±0.045 2.005±0.044 2.009±0.030A 

W3 2.010±0.041 2.012±0.040 2.011±0.027A 

W4 1.995±0.022 2.005±0.031 2.000±0.018A 

W5 1.990±0.014 2.003±0.025 1.997±0.014AB 

W6 1.993±0.009 2.002±0.021 1.998±0.011A 

W7 1.992±0.005 2.015±0.016 2.003±0.009A 

W8 1.943±0.030 2.003±0.013 1.973±0.018B 

The interaction between weeks x treatments were found non-significant regarding the oral 

and intravenous routes for chelating of iron overload. 

 

  



 121 

Table 4.58 Weeks x Treatments Group interaction mean±SE (weight) 

Group 

Week 

Treatments Mean 

Deferoxamine Deferiprone 

G1W1 2.133±0.024 2.133±0.009 2.133±0.011A 

G1W2 2.113±0.009 2.103±0.007 2.108±0.005AB 

G1W3 2.087±0.049 2.100±0.006 2.093±0.022B 

G1W4 2.040±0.015 2.073±0.007 2.057±0.011C 

G1W5 2.020±0.006 2.057±0.009 2.038±0.009CD 

G1W6 2.010±0.006 2.023±0.007 2.017±0.005DE 

G1W7 1.993±0.003 2.023±0.003 2.008±0.007DEF 

G1W8 1.877±0.009 2.003±0.003 1.940±0.029DEF 

G2W1 1.893±0.009 1.893±0.009 1.893±0.006J 

G2W2 1.913±0.009 1.907±0.012 1.910±0.007IJ 

G2W3 1.933±0.009 1.923±0.015 1.928±0.008HI 

G2W4 1.950±0.012 1.937±0.015 1.943±0.009HI 

G2W5 1.960±0.010 1.950±0.015 1.955±0.008GH 

G2W6 1.977±0.009 1.980±0.042 1.978±0.019FG 

G2W7 1.990±0.012 2.007±0.035 1.998±0.017EF 

G2W8 2.010±0.006 2.003±0.029 2.007±0.013DEF 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among weeks x treatments x groups in case of oral and intravenous routes 

were found non–significant. 

 

 

  



 122 

Table4.59: Analysis of variance for ferritin (nm) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

GT 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

148.9819 

  4.1684 

 26.0678 

  8.3335 

 31.5019 

  5.4295 

  6.1402 

  8.9247 

239.5479 

49.6606  

 4.1684  

 5.2136  

 2.7778  

 2.1001  

 1.0859  

 0.4093  

 0.0930 

534.18** 

 44.84** 

 56.08** 

 29.88** 

 22.59** 

 11.68** 

  4.40** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = highly significant (P<0.01) 

Analysis of variance (three factor factorial) of ferritin serum level interaction among weeks, 

groups, treatments, weeks x group, weeks x treatment, group x treatment and week x group x 

treatment were found highly significant. 

 

Table 4.60: Week  Group interaction mean±SE (ferritin) 

Group Week Mean 

W1 W2 W3 W4 

G1 6.80±0.06b 6.08±0.12d 5.38±0.17e 4.70±0.27f 5.74±0.13B 

G2 7.90±0.10a 6.47±0.12c 5.43±0.16e 4.53±0.29f 6.08±0.17A 

Mean 7.35±0.11A 6.28±0.09B 5.41±0.12C 4.61±0.20D  

The interaction among week x group in case of oral and intravenous method were found 

significant. 
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Table 4.61: Week  Treatment interaction mean±SE (ferritin) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 7.35±0.29a 6.55±0.30bc 5.50±0.12ij 5.33±0.09jk 6.18±0.20AB 

T2 7.35±0.29a 6.35±0.19cd 5.55±0.39hij 5.60±0.21hij 6.21±0.20AB 

T3 7.35±0.29a 6.80±0.12b 5.40±0.15ijk 4.90±0.09lm 6.11±0.22B 

T4 7.35±0.29a 5.95±0.13efg 6.20±0.25de 5.70±0.15ghi 6.30±0.17A 

T5 7.35±0.29a 5.85±0.18fgh 4.65±0.21m 2.80±0.05o 5.16±0.36D 

T6 7.35±0.29a 6.15±0.05def 5.15±0.08kl 3.35±0.12n 5.50±0.31C 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overloadby deferoxamine and deferiprone when 

compared with Psidium gujava, Camellia sinenis, Curcuma longa and Citrus aurentifolia 

respectively. 

Table 4.62: Week  Treatment  Group interaction mean±SE (ferritin) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 6.80±0.17bcd 5.90±0.17ghi 5.70±0.12hij 5.40±0.16jk 5.95±0.17C 

G1T2 6.80±0.17bcd 6.60±0.20cde 6.40±0.11def 5.90±0.23ghi 6.43±0.13B 

G1T3 6.80±0.17bcd 6.70±0.17cd 5.10±0.14klm 4.90±0.10lm 5.88±0.27C 

G1T4 6.80±0.17bcd 5.70±0.08hij 5.70±0.21hij 5.50±0.21ijk 5.93±0.17C 

G1T5 6.80±0.17bcd 5.50±0.07ijk 4.20±0.12n 2.90±0.03p 4.85±0.44E 

G1T6 6.80±0.17bcd 6.10±0.08fgh 5.20±0.14kl 3.60±0.07o 5.43±0.36D 

G2T1 7.90±0.29a 7.20±0.11b 5.30±0.13jkl 5.27±0.12jkl 6.42±0.36B 

G2T2 7.90±0.29a 6.10±0.27fgh 4.70±0.16m 5.30±0.30jkl 6.00±0.38C 

G2T3 7.90±0.29a 6.90±0.19bc 5.70±0.10hij 4.90±0.17lm 6.35±0.36B 

G2T4 7.90±0.29a 6.20±0.14efg 6.70±0.14cd 5.90±0.15ghi 6.68±0.24A 

G2T5 7.90±0.29a 6.20±0.18efg 5.10±0.10klm 2.70±0.05p 5.48±0.57D 

G2T6 7.90±0.29a 6.20±0.08efg 5.10±0.09klm 3.10±0.07p 5.58±0.53D 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found significant of G1 x T5 and G2 x T4. 
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Graph 4.22: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (ferritin nm) through oral and intravenous routes  
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Table 4.63: Analysis of variance for total protein (g/dl) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

120.6563 

  10.3362 

  34.7242 

  12.1074 

  14.4333 

   8.9340 

   5.1512 

  25.0245 

 231.3672 

40.2188 

10.3362 

 6.9448 

 4.0358 

 0.9622 

 1.7868 

 0.3434 

 0.2607 

154.29** 

 39.65** 

 26.64** 

 15.48** 

  3.69** 

  6.85** 

  1.32NS 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of total protein level interaction 

among weeks, groups, treatments, weeks x group, weeks x treatment, group x treatment were 

found significant and week x group x treatment were found non-significant. 

Table 4.64: Week  Group interaction mean±SE (total Protein) 

Group Week Mean 

W1 W2 W3 W4 

G1 8.90±0.07b 8.30±0.20c 7.67±0.21d 7.25±0.21e 8.03±0.11B 

G2 10.20±0.16a 9.17±0.18b 7.82±0.23d 7.08±0.23e 8.57±0.17A 

Mean 9.55±0.14A 8.73±0.15B 7.74±0.15C 7.16±0.15D  

The interaction among week x group in case of oral and intravenous method were found 

significant. 
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Table 4.65: Week Treatment interaction mean±SE (Total Protein) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 9.55±0.37a 9.05±0.19a 8.30±0.17bc 8.05±0.14b-e 8.74±0.17A 

T2 9.55±0.37a 9.10±0.23a 8.20±0.16bcd 7.70±0.27def 8.64±0.20A 

T3 9.55±0.37a 9.20±0.28a 7.95±0.13b-e 7.58±0.29ef 8.57±0.22A 

T4 9.55±0.37a 9.30±0.34a 8.40±0.30b 7.25±0.17fg 8.63±0.24A 

T5 9.55±0.37a 8.00±0.15b-e 6.71±0.31gh 6.30±0.30hi 7.64±0.30B 

T6 9.55±0.37a 7.75±0.44c-f 6.90±0.37g 6.10±0.24i 7.58±0.32B 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with Psidium gujava, Camellia sinenis, Curcuma longa and Citrus aurentifolia 

respectively. 

. Table 4.66: Week  Treatment  Group interaction mean±SE (Total protein) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 8.90±0.19 8.70±0.12 8.50±0.24 8.00±0.12 8.53±0.13BCD 

G1T2 8.90±0.19 8.80±0.41 8.10±0.23 7.70±0.27 8.37±0.19CD 

G1T3 8.90±0.19 8.70±0.28 8.10±0.17 8.00±0.23 8.43±0.15CD 

G1T4 8.90±0.19 8.70±0.38 7.90±0.23 7.10±0.21 8.15±0.24DE 

G1T5 8.90±0.19 8.10±0.21 7.31±0.31 6.80±0.36 7.78±0.27EF 

G1T6 8.90±0.19 6.80±0.10 6.10±0.10 5.90±0.43 6.93±0.37G 

G2T1 10.20±0.46 9.40±0.22 8.10±0.23 8.10±0.28 8.95±0.30A 

G2T2 10.20±0.46 9.40±0.13 8.30±0.27 7.70±0.53 8.90±0.33AB 

G2T3 10.20±0.46 9.70±0.24 7.80±0.17 7.17±0.44 8.72±0.41ABC 

G2T4 10.20±0.46 9.90±0.27 8.90±0.40 7.40±0.27 9.10±0.36A 

G2T5 10.20±0.46 7.90±0.25 6.10±0.13 5.80±0.26 7.50±0.54F 

G2T6 10.20±0.46 8.70±0.27 7.70±0.21 6.30±0.25 8.23±0.45D 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among weeks x treatments x groups in case of oral and intravenous routes 

were found significant as mentioned G1 x T6. 
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Graph 4.23: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (Protein total g/dl) through oral and intravenous routes  
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Table 4.67: Analysis of variance for albumin (g/dl) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

  64.1063 

   2.9756 

  11.0570 

   4.9958 

   8.2299 

   0.6515 

   4.5955 

  18.5631 

 115.1747 

21.3688 

 2.9756 

 2.2114 

 1.6653 

 0.5487 

 0.1303 

 0.3064 

 0.1934 

110.51** 

 15.39** 

 11.44** 

  8.61** 

  2.84** 

  0.67NS 

  1.58NS 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of albumin level interaction among 

weeks, groups, treatments, weeks x group and weeks x treatment were found significant and 

group x treatment, week x group x treatment were found non-significant. 

Table 4.68: Week  Group interaction mean±SE (Albumin) 

Group Week Mean 

W1 W2 W3 W4 

G1 6.10±0.07b 5.47±0.17c 5.21±0.15cd 4.70±0.14e 5.37±0.09B 

G2 6.90±0.07a 5.93±0.14b 5.05±0.16d 4.74±0.11e 5.66±0.12A 

Mean 6.50±0.08A 5.70±0.12B 5.13±0.11C 4.72±0.09D  

The interaction among week x group in case of oral and intravenous method were found 

significant. 
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 Table 4.69 Week  Treatment interaction mean±SE (Albumin) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 6.50±0.22a 6.05±0.13abc 5.55±0.23cde 5.05±0.22efg 5.79±0.15A 

T2 6.50±0.22a 5.90±0.21bcd 5.40±0.15def 4.80±0.17gh 5.65±0.16A 

T3 6.50±0.22a 6.15±0.15ab 5.28±0.17efg 5.15±0.12efg 5.77±0.14A 

T4 6.50±0.22a 6.05±0.21abc 5.40±0.29def 4.30±0.15hi 5.56±0.20A 

T5 6.50±0.22a 5.00±0.21fg 4.30±0.26hi 4.25±0.21i 5.01±0.22C 

T6 6.50±0.22a 5.05±0.35efg 4.85±0.20g 4.78±0.11gh 5.30±0.18B 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with Psidium gujava, Camellia sinenis, Curcuma longa and Citrus aurentifolia 

respectively. 

Table 4.70 Week  Treatment  Group interaction mean±SE (Albumin) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 6.10±0.20 5.90±0.14 5.90±0.32 4.90±0.40 5.70±0.19 

G1T2 6.10±0.20 5.90±0.14 5.40±0.25 4.90±0.33 5.58±0.17 

G1T3 6.10±0.20 5.90±0.23 5.37±0.19 5.20±0.20 5.64±0.14 

G1T4 6.10±0.20 5.90±0.35 5.10±0.52 4.40±0.28 5.38±0.25 

G1T5 6.10±0.20 4.90±0.26 4.70±0.34 3.90±0.13 4.90±0.26 

G1T6 6.10±0.20 4.30±0.21 4.80±0.38 4.90±0.08 5.03±0.22 

G2T1 6.90±0.21 6.20±0.20 5.20±0.19 5.20±0.22 5.88±0.23 

G2T2 6.90±0.21 5.90±0.46 5.40±0.22 4.70±0.19 5.73±0.27 

G2T3 6.90±0.21 6.40±0.08 5.20±0.32 5.10±0.18 5.90±0.25 

G2T4 6.90±0.21 6.20±0.27 5.70±0.26 4.20±0.18 5.75±0.31 

G2T5 6.90±0.21 5.10±0.38 3.90±0.24 4.60±0.30 5.13±0.36 

G2T6 6.90±0.21 5.80±0.12 4.90±0.21 4.67±0.20 5.57±0.28 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. The interaction among week x treatment x group in case of oral and 

intravenous method were found significant non–significant. 
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Graph 4.24: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (albumin g/dl) through oral and intravenous routes  
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Table 4.71: Analysis of variance for SGPT (U/L) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

  1214.6 

     8.1 

 38391.9 

  1363.3 

 25352.4 

  1853.2 

  2654.0 

  9952.8 

 80790.1 

404.9 

   8.1 

7678.4 

 454.4 

1690.2 

 370.6 

 176.9 

 103.7 

  3.91* 

  0.08NS 

 74.06** 

  4.38** 

 16.30** 

  3.57** 

  1.71NS 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of SGPT level interaction among 

weeks, treatments, weeks x group, weeks x treatment, group x treatment were found 

significant andgroups, week x group x treatment were found non - significant. 

Table 4.72:  Week  Group interaction mean±SE (SGPT) 

Group Week Mean 

W1 W2 W3 W4 

G1 67.00±0.92bc 69.77±2.85b 68.17±3.48b 65.83±9.32bc 67.69±2.55A 

G2 76.67±1.08a 66.88±4.39bc 61.28±6.47c 64.03±9.24bc 67.22±3.05A 

Mean 71.83±1.07A 68.33±2.59AB 64.73±3.67B 64.93±6.47B  

The interaction among week x group in case of oral and intravenous method were found non 

-significant. 
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Table 4.73: Week  Treatment interaction mean±SE (SGPT) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 71.83±2.84c 60.80±3.37cde 51.02±3.49efg 47.00±3.75fgh 57.66±2.55B 

T2 71.83±2.84c 59.00±3.11de 55.00±4.40def 41.50±2.65ghi 56.83±2.74B 

T3 71.83±2.84c 54.00±5.10ef 52.50±4.34efg 32.80±1.11i 52.78±3.35B 

T4 71.83±2.84c 66.15±2.87cd 51.50±6.42efg 36.80±4.19hi 56.57±3.48B 

T5 71.83±2.84c 84.50±4.58b 94.00±5.85b 114.00±9.17a 91.08±4.28A 

T6 71.83±2.84c 85.50±4.85b 84.33±8.29b 117.50±7.82a 89.79±4.60A 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with Psidium gujava, Camellia sinenis, Curcuma longa and Citrus aurentifolia 

respectively. 

Table 4.74: Week  Treatment  Group interaction mean±SE (SGPT) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 67.00±2.69 62.60±5.10 58.00±2.42 43.00±5.37 57.65±3.24C 

G1T2 67.00±2.69 62.00±3.44 61.00±5.19 39.00±5.25 57.25±3.73CD 

G1T3 67.00±2.69 64.00±4.59 61.00±3.87 34.00±2.05 56.50±4.23CD 

G1T4 67.00±2.69 66.00±4.41 64.00±5.13 44.00±2.72 60.25±3.29C 

G1T5 67.00±2.69 82.00±8.43 94.00±8.31 124.00±13.22 91.75±7.38A 

G1T6 67.00±2.69 82.00±6.08 71.00±5.04 111.00±10.38 82.75±5.91B 

G2T1 76.67±3.14 59.00±5.25 44.03±2.53 51.00±5.03 57.68±4.08C 

G2T2 76.67±3.14 56.00±5.24 49.00±5.82 44.00±1.10 56.42±4.17CD 

G2T3 76.67±3.14 44.00±3.00 44.00±2.65 31.60±0.69 49.07±5.16D 

G2T4 76.67±3.14 66.30±4.67 39.00±4.85 29.60±5.33 52.89±6.12CD 

G2T5 76.67±3.14 87.00±5.27 94.00±10.10 104.00±12.06 90.42±4.69AB 

G2T6 76.67±3.14 89.00±8.26 97.67±11.84 124.00±12.47 96.83±6.66A 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. The interaction among week x treatment x group in case of oral and 

intravenous method were found non–significant. 
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Graph 4.25: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (SGPT U/L) through oral and intravenous routes  
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Table 4.75 Analysis of variance for SGOT (U/L) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

   1450.9 

      0.8 

  56196.4 

   2006.6 

  32854.6 

   3198.4 

   3160.4 

   7122.3 

 105990.3 

    483.6 

      0.8 

  11239.3 

    668.9 

   2190.3 

    639.7 

    210.7 

     74.2 

  6.52** 

  0.01NS 

151.49** 

  9.02** 

 29.52** 

  8.62** 

  2.84** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of SGOT level interaction among 

weeks, treatments, weeks x group, weeks x treatment, week x group x treatment were found 

significant and in groups were found non-significant. 

 

Table 4.76  Week  Group interaction mean±SE (SGOT) 

Group Week Mean 

W1 W2 W3 W4 

G1 55.00±0.99cd 58.00±2.74bc 57.00±5.23bcd 57.17±8.07bcd 56.79±2.46A 

G2 66.00±1.68a 60.94±4.80ab 51.83±7.71de 49.00±12.2e 56.94±3.83A 

Mean 60.50±1.34A 59.47±2.73A 54.42±4.61B 53.08±7.24B  

The interaction among week x group in case of oral and intravenous method were found non 

- significant. 
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Table 4.77 Week  Treatment interaction mean±SE (SGOT) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 60.50±3.53e 49.50±2.17f 27.50±7.48hi 25.50±5.40i 40.75±3.88D 

T2 60.50±3.53e 53.83±2.17ef 38.00±4.94g 19.00±3.70i 42.83±3.76CD 

T3 60.50±3.53e 49.00±3.49f 46.50±3.09fg 27.50±6.51hi 45.88±3.21C 

T4 60.50±3.53e 46.50±1.83fg 37.00±2.46gh 26.00±3.29i 42.50±2.96CD 

T5 60.50±3.53e 81.50±4.49d 91.50±5.37c 116.50±9.85a 87.50±5.12A 

T6 60.50±3.53e 76.50±5.65d 86.00±4.75cd 104.00±4.87b 81.75±3.96B 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with Psidium gujava, Camellia sinenis, Curcuma longa and Citrus aurentifolia 

respectively 

Table 4.78 Week  Treatment  Group interaction mean±SE (SGOT) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 55.00±2.87gh 52.00±1.85hi 44.00±2.65h-k 37.00±3.69j-m 47.00±2.44D 

G1T2 55.00±2.87gh 55.00±3.53gh 47.00±3.93hij 27.00±2.04mno 46.00±3.71DE 

G1T3 55.00±2.87gh 51.00±5.35hi 44.00±2.93h-k 41.00±5.40i-l 47.75±2.49D 

G1T4 55.00±2.87gh 48.00±1.73hij 37.00±4.29j-m 33.00±2.04klm 43.25±2.91DE 

G1T5 55.00±2.87gh 76.00±4.56ef 89.00±9.31cde 101.00±7.90bc 80.25±5.88BC 

G1T6 55.00±2.87gh 66.00±4.71fg 81.00±6.32de 104.00±8.13b 76.50±6.07C 

G2T1 66.00±4.90fg 47.00±3.72hij 11.00±0.46p 14.00±0.40op 34.50±7.07F 

G2T2 66.00±4.90fg 52.66±3.12ghi 29.00±5.07lmn 11.00±0.68p 39.66±6.60EF 

G2T3 66.00±4.90fg 47.00±5.33hij 49.00±5.75hij 14.00±0.76op 44.00±6.01DE 

G2T4 66.00±4.90fg 45.00±3.40h-k 37.00±3.44j-m 19.00±0.95nop 41.75±5.30DE 

G2T5 66.00±4.90fg 87.00±7.05de 94.00±7.17bcd 132.00±13.50a 94.75±8.10A 

G2T6 66.00±4.90fg 87.00±5.22de 91.00±6.93bcd 104.00±7.25b 87.00±4.88B 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found significant of G2 x T5. 
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Graph 4.26: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (SGOT U/L) through oral and intravenous routes  
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Table 4.79:  Analysis of variance for ALP (U/L) level in iron chelating 

 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

   9382.3 

   1369.0 

 139501.3 

  13629.5 

 127109.3 

  12734.0 

  39864.5 

  38323.0 

 381912.7 

  3127.4 

  1369.0 

 27900.3 

  4543.2 

  8474.0 

  2546.8 

  2657.6 

   399.2 

  7.83** 

  3.43NS 

 69.89** 

 11.38** 

 21.23** 

  6.38** 

  6.66** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of ALP level interaction among 

weeks, groups, treatments, weeks x group and weeks x treatment, group x treatment  and 

week x group x treatment were found significant and in groups were found non – significant. 

 

Table 4.80:  Week  Group interaction mean±SE (ALP) 

Group Week Mean 

W1 W2 W3 W4 

G1 155.67±3.41cd 145.17±6.62d 142.67±8.65d 171.67±23.83ab 153.79±6.61A 

G2 181.00±3.29a 163.33±6.37bc 149.33±9.46d 146.17±18.15d 159.96±5.55A 

Mean 168.33±3.17A 154.25±4.78BC 146.00±6.34C 158.92±14.92B  

The interaction among week x group in case of oral and intravenous method were found non-

significant. 
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Table 4.81:  Week  Treatment interaction mean±SE (ALP) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 168.33±8.38def 147.50±9.25fgh 123.00±6.76ijk 115.50±11.9i-l 138.58±6.13C 

T2 168.33±8.38def 132.00±9.50hij 137.00±8.86ghi 106.50±5.25kl 135.96±5.96C 

T3 168.33±8.38def 164.00±9.78ef 111.00±4.98jkl 94.50±5.37l 134.46±7.57C 

T4 168.33±8.38def 136.00±12.5ghi 126.00±6.82h-k 108.00±6.12kl 134.58±6.15C 

T5 168.33±8.38def 156.50±5.21efg 173.00±7.66de 233.00±22.0b 182.71±8.55B 

T6 168.33±8.38def 189.50±7.70cd 206.00±11.0c 296.00±38.6a 214.96±14.0A 

 The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with Psidium gujava, Camellia sinenis, Curcuma longa and Citrus aurentifolia 

respectively 

Table 4.82:  Week  Treatment  Group interaction mean±SE (ALP) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 155.67±9.95g-j 151.00±13.27g-l 121.00±10.56l-p 137.00±14.80h-n 141.17±6.64DE 

G1T2 155.67±9.95g-j 122.00±13.73k-p 137.00±13.08h-n 111.00±7.42n-q 131.42±6.99DE 

G1T3 155.67±9.95g-j 151.00±10.46g-l 111.00±7.95n-q 101.00±8.60opq 129.67±8.25DE 

G1T4 155.67±9.95g-j 111.00±7.46n-q 121.00±12.43l-p 114.00±10.24m-q 125.42±6.91E 

G1T5 155.67±9.95g-j 154.00±7.25g-k 167.00±8.50e-h 189.00±10.45c-f 166.42±5.73C 

G1T6 155.67±9.95g-j 182.00±6.93c-g 199.00±19.43cde 378.00±18.96a 228.67±27.16A 

G2T1 181.00±9.58d-g 144.00±15.48h-m 125.00±10.62j-p 94.00±5.04pq 136.00±10.57DE 

G2T2 181.00±9.58d-g 142.00±12.75h-n 137.00±14.89h-n 102.00±7.90opq 140.50±9.79DE 

G2T3 181.00±9.58d-g 177.00±14.13efg 111.00±7.81n-q 88.00±5.29q 139.25±12.93DE 

G2T4 181.00±9.58d-g 161.00±10.44f-i 131.00±7.29i-o 102.00±6.81opq 143.75±9.76D 

G2T5 181.00±9.58d-g 159.00±8.78f-i 179.00±13.61efg 277.00±19.65b 199.00±14.99B 

G2T6 181.00±9.58d-g 197.00±13.85cde 213.00±13.69cd 214.00±19.75c 201.25±7.46B 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found significant of G1 x T5 and G1 x T6. 
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Graph 4.27:  Represent the pattern of chelating agents of iron overload by selected natural 

and synthetic iron chelating agents (ALP U/L) through oral and intravenous routes  
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Table 4.83:  Analysis of variance for Billirubin total (mg/dl) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

2.98509 

1.50267 

0.28009 

2.48467 

1.15993 

0.14634 

0.59134 

0.23807 

9.38818 

0.99503 

1.50267 

0.05602 

0.82822 

0.07733 

0.02927 

0.03942 

0.00248 

401.24** 

605.95** 

 22.59** 

333.98** 

 31.18** 

 11.80** 

 15.90** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of Billirubin total level interaction 

among weeks, groups, treatments,  weeks x group, weeks x treatment, group x treatment and 

week x group x treatment were found highly significant. 

 

Table 4.84: Week  Group interaction mean±SE (Bilirubin total) 

Group Week Mean 

W1 W2 W3 W4 

G1 0.80±0.010c 0.72±0.033e 0.78±0.023c 0.75±0.025d 0.76±0.012B 

G2 1.40±0.012a 1.00±0.026b 0.77±0.054cd 0.70±0.042e 0.97±0.037A 

Mean 1.10±0.051A 0.86±0.032B 0.78±0.029C 0.73±0.025D  

The interaction among week x group in case of oral and intravenous method were found 

significant. 
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Table 4.85:  Week  Treatment interaction mean±SE (Billirubin total) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 1.10±0.136a 0.90±0.091cd 0.90±0.011cd 0.70±0.023gh 0.90±0.049B 

T2 1.10±0.136a 1.00±0.047b 0.85±0.026de 0.80±0.051ef 0.94±0.044A 

T3 1.10±0.136a 0.85±0.028de 0.80±0.047ef 0.65±0.070h 0.85±0.051C 

T4 1.10±0.136a 0.95±0.068bc 0.50±0.090i 0.90±0.032cd 0.86±0.062C 

T5 1.10±0.136a 0.75±0.068fg 0.70±0.013gh 0.65±0.072h 0.80±0.054D 

T6 1.10±0.136a 0.70±0.090gh 0.90±0.016cd 0.65±0.027h 0.84±0.054C 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with Psidium gujava, Camellia sinenis and non-significant Curcuma longa and 

Citrus aurentifolia respectively 

Table 4.86:  Week  Treatment  Group interaction mean±SE (Billirubin total) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 0.80±0.029d 0.70±0.017e 0.90±0.017c 0.70±0.012e 0.78±0.026F 

G1T2 0.80±0.029d 0.90±0.017c 0.80±0.029d 0.70±0.017e 0.80±0.024F 

G1T3 0.80±0.029d 0.80±0.017d 0.70±0.023e 0.80±0.023d 0.78±0.016F 

G1T4 0.80±0.029d 0.80±0.023d 0.70±0.017e 0.90±0.050c 0.80±0.025F 

G1T5 0.80±0.029d 0.60±0.017f 0.70±0.017e 0.80±0.031d 0.73±0.027G 

G1T6 0.80±0.029d 0.50±0.006g 0.90±0.023c 0.60±0.023f 0.70±0.049G 

G2T1 1.40±0.035a 1.10±0.035b 0.90±0.017c 0.70±0.050e 1.03±0.079B 

G2T2 1.40±0.035a 1.10±0.023b 0.90±0.012c 0.90±0.050c 1.08±0.063A 

G2T3 1.40±0.035a 0.90±0.035c 0.90±0.017c 0.50±0.036g 0.93±0.097D 

G2T4 1.40±0.035a 1.10±0.012b 0.30±0.006h 0.90±0.050c 0.93±0.122D 

G2T5 1.40±0.035a 0.90±0.023c 0.70±0.023e 0.50±0.051g 0.88±0.102E 

G2T6 1.40±0.035a 0.90±0.012c 0.90±0.026c 0.70±0.023e 0.98±0.079C 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found significant of  G2 x T1, G2 x T2, G2 x T5 and G2 x T6 respectively. 
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Graph 4.28: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (Billirubin total mg/dl) through oral and intravenous routes  

Table 4.87: Analysis of variance for Billirubin direct (mg/dl) level in iron chelating  

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

1.55013 

1.88604 

0.30606 

0.28080 

0.26017 

0.30072 

0.32950 

0.15747 

5.07089 

0.51671 

1.88604 

0.06121 

0.09360 

0.01734 

0.06014 

0.02197 

0.00164 

315.01** 

1149.83** 

  37.32** 

  57.06** 

  10.57** 

  36.67** 

  13.39** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of Billirubin direct level interaction 

among weeks, groups, treatments,  weeks x group, weeks x treatment, group x treatment and 

week x group x treatment were found highly significant. 
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Table 4.88: Week  Group interaction mean±SE (Billirubin direct) 

Group Week Mean 

W1 W2 W3 W4 

G1 0.70±0.005a 0.65±0.032b 0.55±0.035c 0.37±0.033e 0.57±0.021A 

G2 0.50±0.004d 0.32±0.026f 0.27±0.014g 0.27±0.014g 0.34±0.014B 

Mean 0.60±0.017A 0.48±0.035B 0.41±0.030C 0.32±0.019D  

The interaction among week x group in case of oral and intravenous method were found 

significant. 

Table 4.89:  Week  Treatment interaction mean±SE (Billirubin direct) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 0.60±0.046a 0.60±0.047a 0.45±0.113d 0.35±0.036f 0.50±0.038B 

T2 0.60±0.046a 0.55±0.113b 0.50±0.089c 0.45±0.071d 0.53±0.040A 

T3 0.60±0.046a 0.40±0.091e 0.35±0.069f 0.30±0.047g 0.41±0.039DE 

T4 0.60±0.046a 0.50±0.090c 0.40±0.046e 0.20±0.010h 0.43±0.040D 

T5 0.60±0.046a 0.40±0.010e 0.30±0.009g 0.30±0.018g 0.40±0.028E 

T6 0.60±0.046a 0.45±0.113d 0.45±0.072d 0.30±0.017g 0.45±0.040C 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine when compared with 

Psidium gujava, Camellia sinenis and Citrus aurentifoliaand non-significant when compared 

with Curcuma longa. The interaction between week x treatment were found significant 

regarding the oral and intravenous routes for chelating of iron overload by deferiprone when 

compared with Psidium gujava, Camellia sinenis, Curcuma longa and Citrus aurentifolia 

respectively. 
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Table 4.90: Week  Treatment  Group interaction mean±SE (Billirubin direct) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 0.70±0.015b 0.70±0.026b 0.70±0.025b 0.40±0.055e 0.63±0.042B 

G1T2 0.70±0.015b 0.80±0.025a 0.70±0.020b 0.60±0.045c 0.70±0.025A 

G1T3 0.70±0.015b 0.60±0.031c 0.50±0.031d 0.40±0.031e 0.55±0.036CD 

G1T4 0.70±0.015b 0.70±0.025b 0.50±0.006d 0.20±0.012g 0.53±0.062D 

G1T5 0.70±0.015b 0.40±0.015e 0.30±0.012f 0.30±0.029f 0.43±0.050E 

G1T6 0.70±0.015b 0.70±0.031b 0.60±0.053c 0.30±0.021f 0.58±0.051C 

G2T1 0.50±0.012d 0.50±0.015d 0.20±0.021g 0.30±0.031f 0.38±0.040F 

G2T2 0.50±0.012d 0.30±0.015f 0.31±0.013f 0.30±0.026f 0.35±0.027FG 

G2T3 0.50±0.012d 0.20±0.010g 0.20±0.021g 0.20±0.015g 0.28±0.040H 

G2T4 0.50±0.012d 0.30±0.017f 0.30±0.026f 0.20±0.020g 0.33±0.034G 

G2T5 0.50±0.012d 0.40±0.015e 0.30±0.015f 0.30±0.026f 0.38±0.026F 

G2T6 0.50±0.012d 0.20±0.012g 0.30±0.021f 0.30±0.032f 0.33±0.034G 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found significant of G1 x T1, G1 x T1, G1 x T5, G2x T 3 respectively. 
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Graph 4.29: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (Billirubin direct mg/dl) through oral and intravenous routes  
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Table4.91: Analysis of variance for Billirubin indirect (mg/dl) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

5.78075 

0.00258 

0.20125 

0.22159 

0.80426 

0.79292 

0.69293 

0.18867 

8.68495 

1.92692 

0.00258 

0.04025 

0.07386 

0.05362 

0.15858 

0.04620 

0.00197 

980.48** 

  1.31NS 

 20.48** 

 37.58** 

 27.28** 

 80.69** 

 23.51** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of billirubin indirect level 

interaction among weeks, groups, treatments, weeks x group and weeks x treatment were 

found significant while group x treatment, week x group x treatment were found significant 

and in groups were found non–significant. 

Table 4.92: Week  Group interaction mean±SE (Billirubin indirect) 

Group Week Mean 

W1 W2 W3 W4 

G1 0.90±0.008a 0.57±0.048b 0.43±0.027d 0.37±0.047e 0.57±0.030A 

G2 0.90±0.010a 0.43±0.034d 0.52±0.038c 0.38±0.028e 0.56±0.028A 

Mean 0.90±0.006A 0.50±0.031B 0.48±0.024C 0.38±0.027E  

The interaction among week x group in case of oral and intravenous method were found non-

significant. 
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Table 4.93: Week  Treatment interaction mean±SE (Billirubin indirect) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 0.90±0.017a 0.65±0.112b 0.45±0.026de 0.50±0.091cd 0.63±0.050A 

T2 0.90±0.017a 0.50±0.090cd 0.45±0.114de 0.35±0.029f 0.55±0.056B 

T3 0.90±0.017a 0.45±0.024de 0.60±0.049b 0.35±0.030f 0.58±0.046B 

T4 0.90±0.017a 0.45±0.068de 0.50±0.015c 0.15±0.024g 0.50±0.058C 

T5 0.90±0.017a 0.35±0.023f 0.45±0.033de 0.50±0.017cd 0.55±0.045B 

T6 0.90±0.017a 0.60±0.046b 0.40±0.049ef 0.40±0.050ef 0.58±0.047B 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with Psidium gujavaand Citrus aurentifolia and non-significantwhencompared 

with Camellia sinenis, Curcuma longa respectively 

Table 4.94 Week  Treatment  Group interaction mean±SE (Billirubin indirect) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 0.90±0.023a 0.90±0.017a 0.50±0.012d 0.70±0.035b 0.75±0.051A 

G1T2 0.90±0.023a 0.30±0.006f 0.20±0.006g 0.30±0.021f 0.43±0.084G 

G1T3 0.90±0.023a 0.50±0.017d 0.50±0.017d 0.30±0.032f 0.55±0.066D 

G1T4 0.90±0.023a 0.60±0.017c 0.50±0.015d 0.10±0.006h 0.53±0.087DE 

G1T5 0.90±0.023a 0.40±0.006e 0.40±0.006e 0.50±0.023d 0.55±0.063D 

G1T6 0.90±0.023a 0.70±0.012b 0.50±0.025d 0.30±0.038f 0.60±0.068C 

G2T1 0.90±0.029a 0.40±0.006e 0.40±0.026e 0.30±0.025f 0.50±0.071EF 

G2T2 0.90±0.029a 0.70±0.012b 0.70±0.052b 0.40±0.036e 0.68±0.056B 

G2T3 0.90±0.029a 0.40±0.012e 0.70±0.040b 0.40±0.031e 0.60±0.065C 

G2T4 0.90±0.029a 0.30±0.006f 0.50±0.031d 0.20±0.015g 0.48±0.081F 

G2T5 0.90±0.029a 0.30±0.006f 0.50±0.055d 0.50±0.031d 0.55±0.067D 

G2T6 0.90±0.029a 0.50±0.017d 0.30±0.035f 0.50±0.035d 0.55±0.067D 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found significant of G1 x T1, G1 x T2 and G2 x T2 respectively. 
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Graph 4.30: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (Billirubin indirect mg/dl) through oral and intravenous routes  
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Table 4.95: Analysis of variance for IgG (mg/dl) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

2648872 

  807153 

 9495155 

   88968 

11171265 

  184643 

  313449 

 2117281 

26826785 

882957  

 807153  

1899031  

  29656  

 744751  

  36929  

  20897  

  22055 

40.03** 

36.60** 

86.10** 

 1.34NS 

33.77** 

 1.67NS 

 0.95NS 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of IgG level interaction among 

weeks, groups, treatments, weeks x treatment were found significant and in week x 

treatment, group x treatment, week x group x treatment were found non - significant. 

 

Table 4.96:  Week  Group interaction mean±SE (IgG) 

Group Week Mean 

W1 W2 W3 W4 

G1 2500±21.8 2442±30.1 2332±84.8 2179±175.3 2363±50.6B 

G2 2734±14.0 2549±39.6 2452±94.4 2317±161.6 2513±50.3A 

Mean 2617±23.5A 2496±26.1B 2392±63.3C 2248±118.1D  

The interaction among week x group in case of oral and intravenous method were found 

significant. 
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Table 4.97:  Week  Treatment interaction mean±SE (IgG) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 2617±62.2c 2479±57.1cd 2150±52.0ef 1683±039.8i 2232±79.0C 

T2 2617±62.2c 2470±70.9cd 2039±93.7fg 1760±072.3hi 2221±79.3C 

T3 2617±62.2c 2486±62.9cd 2200±66.5ef 1724±038.6i 2256±76.5BC 

T4 2617±62.2c 2494±85.6cd 2250±59.9e 1925±109.8gh 2321±67.0B 

T5 2617±62.2c 2612±67.9c 2816±80.8b 3133±091.5a 2794±56.8A 

T6 2617±62.2c 2433±29.1d 2897±86.5b 3264±081.0a 2803±72.7A 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with with Psidium gujava, Camellia sinsis, Curcuma longa and Citrus aurentifolia 

respectively. 

Table 4.98:  Week  Treatment  Group interaction mean±SE (IgG) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 2500±63.5 2435±065.8 2200±080.3 1650±050.2 2196±104.7 

G1T2 2500±63.5 2400±041.6 1877±083.6 1620±053.1 2099±112.9 

G1T3 2500±63.5 2399±042.1 2200±111.7 1747±056.0 2212±092.6 

G1T4 2500±63.5 2389±113.0 2200±100.0 1700±051.7 2197±099.4 

G1T5 2500±63.5 2589±096.0 2700±084.4 3100±158.8 2722±082.8 

G1T6 2500±63.5 2441±050.0 2812±104.5 3256±150.3 2752±106.4 

G2T1 2734±40.9 2523±100.1 2100±067.7 1715±065.8 2268±122.2 

G2T2 2734±40.9 2540±136.0 2200±104.0 1900±061.2 2343±104.2 

G2T3 2734±40.9 2572±102.5 2200±098.0 1700±061.2 2301±124.6 

G2T4 2734±40.9 2599±113.2 2300±073.9 2150±083.6 2446±078.2 

G2T5 2734±40.9 2634±115.3 2931±110.7 3165±124.8 2866±075.5 

G2T6 2734±40.9 2425±041.0 2982±138.9 3271±101.0 2853±101.6 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found non-significant. 
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Graph 4.31: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (IgGmg/dl) through oral and intravenous routes  
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Table 4.99Analysis of variance for globulin (g/dl) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

9.88187 

 1.50062 

 8.23063 

 3.17188 

 8.75187 

 4.99062 

 4.51188 

 2.02680 

43.06618 

3.29396 

1.50062 

1.64613 

1.05729 

0.58346 

0.99812 

0.30079 

0.02111 

156.02** 

 71.08** 

 77.97** 

 50.08** 

 27.64** 

 47.28** 

 14.25** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of globulin level interaction among 

weeks, groups, treatments, weeks x group, weeks x treatment, group x treatment and week x 

group x treatment were found highly significant. 

Table 4.100: Week  Group interaction mean±SE (Gloublin) 

Group Week Mean 

W1 W2 W3 W4 

G1 2.80±0.03c 2.83±0.06c 2.40±0.13e 2.55±0.17d 2.65±0.06B 

G2 3.30±0.01a 3.07±0.10b 2.77±0.08c 2.27±0.16f 2.85±0.07A 

Mean 3.05±0.04A 2.95±0.06B 2.58±0.08C 2.41±0.12D  

The interaction among week x group in case of oral and intravenous method were found 

significant. 
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Table 4.101:  Week  Treatment interaction mean±SE (Gloublin) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 3.05±0.12b 3.00±0.11b 2.75±0.08cd 3.00±0.09b 2.95±0.05A 

T2 3.05±0.12b 2.70±0.11de 2.80±0.09cd 2.90±0.08bc 2.86±0.05B 

T3 3.05±0.12b 3.05±0.12b 2.50±0.08fg 2.65±0.10def 2.81±0.07B 

T4 3.05±0.12b 3.25±0.21a 3.00±0.11b 2.55±0.08efg 2.96±0.08A 

T5 3.05±0.12b 3.00±0.11b 2.40±0.11g 2.05±0.38h 2.63±0.13C 

T6 3.05±0.12b 2.70±0.10de 2.05±0.34h 1.30±0.14i 2.28±0.17D 

. The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with with Psidium gujava, Camellia sinsis, Curcuma longa and Citrus aurentifolia 

respectively 

Table 4.102:  Week  Treatment  Group interaction mean±SE (Gloublin) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 2.80±0.08efg 2.80±0.07efg 2.60±0.10ghi 3.10±0.09bcd 2.83±0.07BC 

G1T2 2.80±0.08efg 2.90±0.11def 2.70±0.10fgh 2.80±0.10efg 2.80±0.05CD 

G1T3 2.80±0.08efg 2.80±0.05efg 2.40±0.12ij 2.80±0.09efg 2.70±0.06DE 

G1T4 2.80±0.08efg 2.80±0.05efg 2.80±0.10efg 2.70±0.08fgh 2.78±0.04CD 

G1T5 2.80±0.08efg 3.20±0.10bc 2.60±0.10ghi 2.90±0.05def 2.88±0.08BC 

G1T6 2.80±0.08efg 2.50±0.05hi 1.30±0.05l 1.00±0.03m 1.90±0.23G 

G2T1 3.30±0.04b 3.20±0.10bc 2.90±0.05def 2.90±0.16def 3.08±0.07A 

G2T2 3.30±0.04b 2.50±0.07hi 2.90±0.13def 3.00±0.11cde 2.93±0.10B 

G2T3 3.30±0.04b 3.30±0.06b 2.60±0.08ghi 2.50±0.15hi 2.93±0.12B 

G2T4 3.30±0.04b 3.70±0.09a 3.20±0.10bc 2.40±0.05ij 3.15±0.15A 

G2T5 3.30±0.04b 2.80±0.08efg 2.20±0.10j 1.20±0.02lm 2.38±0.24F 

G2T6 3.30±0.04b 2.90±0.08def 2.80±0.09efg 1.60±0.05k 2.65±0.19E 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found significant of G1 x T6 and G2 x T5. 
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Graph 4.32: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (Gloublin g/dl) through oral and intravenous routes  
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Table 4.103: Analysis of variance for A/G ratio (g/dl) level in iron chelating 

Source of variation Degrees of 

freedom 

Sum of squares Mean squares F-value 

Week (W) 

Group (G) 

Treat (T) 

W G 

W T 

G T 

W  G  T 

Error 

Total 

 3 

 1 

 5 

 3 

 15 

 5 

 15 

 96 

143 

  0.9135 

  3.2701 

 11.7203 

  2.4535 

 20.3877 

  2.8453 

  9.6127 

  2.9769 

 54.1801 

0.3045 

3.2701 

2.3441 

0.8178 

1.3592 

0.5691 

0.6408 

0.0310 

  9.82** 

105.46** 

 75.59** 

 26.37** 

 43.83** 

 18.35** 

 20.67** 

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01) 

According to Analysis of variance (three factor factorial) of A/G ratio level interaction 

among weeks, groups, treatments,  weeks x group, weeks x treatment, group x treatment and 

week x group x treatment were found highly significant. 

Table 4.104: Week  Group interaction mean±SE (A/G ratio) 

Group Week Mean 

W1 W2 W3 W4 

G1 2.10±0.03c 2.08±0.06c 2.52±0.14a 2.30±0.29b 2.25±0.08A 

G2 2.00±0.02cd 1.92±0.05d 1.77±0.04e 2.11±0.20c 1.95±0.05B 

Mean 2.05±0.02B 2.00±0.04B 2.14±0.10A 2.21±0.18A  

The interaction among week x group in case of oral and intravenous method were found 

significant. 
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Table 4.105: Week  Treatment interaction mean±SE (A/G ratio) 

Treat. Week Mean 

W1 W2 W3 W4 

T1 2.05±0.05def 2.00±0.05efg 1.95±0.12e-h 1.60±0.06ij 1.90±0.05C 

T2 2.05±0.05def 2.15±0.08de 2.10±0.14de 1.60±0.07ij 1.98±0.06C 

T3 2.05±0.05def 2.00±0.05efg 2.15±0.09de 1.80±0.06ghi 2.00±0.04C 

T4 2.05±0.05def 1.85±0.12fgh 1.75±0.05hi 1.45±0.08j 1.78±0.06D 

T5 2.05±0.05def 2.15±0.16de 2.25±0.25d 2.88±0.34b 2.33±0.13B 

T6 2.05±0.05def 1.85±0.07fgh 2.65±0.43c 3.90±0.45a 2.61±0.22A 

The interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine and deferiprone when 

compared with with Psidium gujava, Camellia sinsis, Curcuma longa and Citrus aurentifolia 

respectively 

Table 4.106:  Week  Treatment  Group interaction mean±SE (A/G ratio) 

Group 

Treat 

Week Mean 

(G  T) W1 W2 W3 W4 

G1T1 2.10±0.09fgh 2.10±0.05fgh 2.20±0.03efg 1.50±0.09lm 1.98±0.09EFG 

G1T2 2.10±0.09fgh 2.00±0.06ghi 2.40±0.06de 1.70±0.10jkl 2.05±0.08DEF 

G1T3 2.10±0.09fgh 2.10±0.05fgh 2.30±0.08def 1.80±0.10ijk 2.08±0.06DE 

G1T4 2.10±0.09fgh 2.10±0.06fgh 1.80±0.03ijk 1.60±0.09kl 1.90±0.07GH 

G1T5 2.10±0.09fgh 2.50±0.05d 2.80±0.11c 2.30±0.07def 2.43±0.09B 

G1T6 2.10±0.09fgh 1.70±0.03jkl 3.60±0.17b 4.90±0.08a 3.08±0.39A 

G2T1 2.00±0.05ghi 1.90±0.03hij 1.70±0.07jkl 1.70±0.05jkl 1.83±0.04H 

G2T2 2.00±0.05ghi 2.30±0.09def 1.80±0.10ijk 1.50±0.05lm 1.90±0.09GH 

G2T3 2.00±0.05ghi 1.90±0.03hij 2.00±0.11ghi 1.80±0.09ijk 1.93±0.04FGH 

G2T4 2.00±0.05ghi 1.60±0.06kl 1.70±0.08jkl 1.30±0.05m 1.65±0.08I 

G2T5 2.00±0.05ghi 1.80±0.04ijk 1.70±0.06jkl 3.47±0.48b 2.24±0.24C 

G2T6 2.00±0.05ghi 2.00±0.04ghi 1.70±0.05jkl 2.90±0.12c 2.15±0.14CD 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

The interaction among week x treatment x group in case of oral and intravenous method were 

found significant of G1 x T5, G1 x T6 and G2 x T4 respectively. 
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Graph 4.33: Represent the pattern of chelating agents of iron overload by selected natural and 

synthetic iron chelating agents (A/G ratio g/dl) through oral and intravenous routes  
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4.10: Histopathological presentation: 

In first phase, experimental animals were subjected to iron overload with IROSE (iron 

sucrose) through intravenous route and iron sulphate was used through oral route for four 

months (16 weeks) of duration. The status of iron overload was analyzed repeatedly 

afterevery 4 weeks interval of time throughout the duration of iron overload in the different 

Organs like liver, spleen, kidney and heart of experimental animals through histopathological 

study. The presentation of histopathological images of different organs confirmed the iron 

toxicity. 

In second phase, the overloaded iron was removed through natural as well as synthetic iron. 

Chelating agents for the duration of two months.In this regard, four medicinal plants were 

selected names as amrood, green tea, turmeric and khatti, the generic names as 

psidiumguajava, Camella sinesis, Curcuma longa and Citrus aurentifolia were selected to 

evaluate the natural chelating potential against iron overload in the experimental animals 

respectively. 

Synthetic chelating agents as Deferoxamine and Deferiprone were purchased from local 

market and used as synthetic iron chelating agents in the experimental animals for 

comparative evaluation with natural iron chelating agents. Histopathological images of 

various organs clearly indicated the iron chelating potential of natural as well as synthetic 

iron chelating agents in the experimental animals. These histopathological studies were 

alsoconfirmed and support the biochemical analysis regarding the iron toxicity (iron 

overload) and chelating efficiency of natural as well as synthetic iron chelating agents in the 

experimental animals. Selected histopathological photomicrographs of various organs were 

presented as below for better understanding regarding the phase of iron overload and iron 

removal by natural and synthetic iron chelating agents in experimental model. 
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Fig. 4.34: Photomicrograph of kidney of rabbit in control group showing normal renal 

parenchyma (H& E Stain) X-400. 

 
Fig. 4.35: Photomicrograph of kidney tissues of rabbit with oral administered iron after 8 weeks showing mild 

degree of congestion in the renal parenchyma  (H&E Staining: 400 X)   
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Fig.4.36:  Photomicrograph of kidney tissues of rabbit with intravenous administered iron after 8 weeks 

showing acute tubular necrosis indicated by pyknotic nuclei of tubular epithelial cells (H&E Staining: 200X) . 

 

 

 Fig.4.37: Photomicrograph of kidney tissues of rabbit with intravenous administered iron after 12 weeks 

showing  sever necrotic changes in tubular epithelium with pyknotic nucleus, degenerative changes (H&E 

Stain: 100X) . 
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Fig.4.38: Photomicrograph of kidney tissues of rabbit with oral administered iron after 16 weeks showed the 

tubular epithelial cells are intact with prominent nucleus and nuclei, glomerulus are intact  severe deposition of 

golden brown haemosiderin pigment disperse within the parenchymal regions, (H&E Staining: 200) . 

 

 

 
 

 Fig.4.39: Photomicrograph of spleen tissues of control group rabbit showed the tubular epithelial cells are 

intact with prominent nucleus and nuclei, glomerulus are intact and normal spleen red and white pulps are 

intact, (H&E Stain:100X).  
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 Fig.4.40: Photomicrograph of spleen tissues of rabbit with oral administered iron after 8 weeks showed 

degenerative and necrotic changes within the cells of red Pub, (H&E Staining: 100X). 

 

 
 Fig.4.41: Photomicrograph of spleen tissues of rabbit with intravenous administered iron after 8 weeks showed 

mild degenerative and necrotic changes with less abundant deposits of heamosiderin, (H&E Stain:100X). 

 



 163 

 
 Fig.4.42: Photomicrograph of spleen tissues of rabbit with intravenous administered iron after 12 weeks 

showed the deposition of hemosiderin within spleenic parenchyma and depletion of spleenocytes (H&E Stain: 

100X) .  

 
 Fig.4.43: Photomicrograph of spleen tissues of rabbit with intravenous administered iron after 16 weeks 

showed the hemosiderosis with massive deposition of golden brown pigment within spleenic parenchyma due to 

heamolysis (H&E Staining: 100X) . 
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Fig.4.44:: Photomicrograph of cardiac tissues of rabbit with oral administered iron after 8 weeks showed the 

degenerative and necrotic changes within the cardiomyocytes, marked dilatation of the capillaries (H&E 

Staining: 100X). 

 
 

 Fig.4.45:  Photomicrograph of cardiac tissues of rabbit with intravenous administered iron after 12 weeks 

showed the  sever necrotic changes of the cardiomyocytes with pyknotic and hyperchromatic nuclei (H&E 

Staining:200X). 
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 Fig.4.46: Photomicrograph of cardiac tissues of rabbit with oral administered iron after 16 weeks showed the 

moderated to severe haemrrhages with disintegration of sarcolema and degeneration of cardiomyocytes (H & E 

staining:200X). 

 
Fig.4.47:  Photomicrograph of hepatic tissues of control group of rabbit showed the normal hepatocyte 

arrangement in cordlike fashion within the lobues (E & H stain) X-100 
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 Fig.4.48: Photomicrograph of hepatic tissues of rabbit with oral administered iron after 8 weeks showed the 

coagulative necrosis, mononuclear cells infiltration with the portal areas and epithelial cell degeneration of the 

bile duct (H & E staining:100X). 

 

 
 

Fig.4.49: Photomicrograph of hepatic tissues of rabbit with intravenous administered iron after 8 weeks showed 

the hepatocytes with prominent nucleus, granular cytoplasm van kupffer cells are prominent within sinucidal 

spaces (H & E stain:200X). 
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Fig.4.50:  Photomicrograph of hepatic tissues of rabbit with oral administered iron after 12 weeks showed the 

sever degenerative and necrotic changes within the hepatocytes, cytoplasmic vacuolation (H & E staining: 

100X). 

 
 

Fig.4.51: Photomicrograph of hepatic tissues of rabbit with intravenous administered iron after 12 weeks 

showed the engorgement of the central vein with the erythrocytes, severe cytoplasmic vacuolation and granular 

appearance (H & E staining: 200X). 
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 Fig.4.52: Photomicrograph of cardiac tissues of rabbit with oral administered iron after 16 weeks showed the 

severe necrosis of the hepatocytes, vacuolar degeneration, sever billary hyperplasia and portal area are sever 

infiltrated with mononuclear cells (E & H staining:100X).  

 
 

 Fig.4.53: Photomicrograph of hepatic tissues of rabbit with intravenous administered iron after 16 weeks 

showed the sever perivascular cuffing of the portal veins connective tissue proliferation within portal area and 

billary hypereplasia  (E & H staining:100X). 
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Fig.4.54: Photomicrograph of kidney of rabbit after four weeks treatment with Camellia sinenis indicatesthe 

tubular epithelial cells are intact with prominent nucleus and nuclei, glomerulus are intact and normal, (H&E 

Staining: 200X). 

 
 

Fig.4.55:  Photomicrograph of kidney of rabbit after four weeks treatment with Curcuma longa showed tubular 

cell regeneration and  healthy glomerular tufts, (H&E Staining:100X). 
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Fig.4.56: Photomicrograph of kidney of rabbit after four weeks treatment with  Citrus aurentifolia showed the 

tubular epithelial cell showed mild to moderate degenerative changes (H& E Staining 400X) 

 

 
Fig.4.57: Photomicrograph of kidney of rabbit after 4 weeks treatment with Deferoxamine showed the tubular 

epithelial cells are intact with prominent nucleus and nuclei, glomerulus are intact and normal Tubular epithelial 

cells are normal intact healthy glomeruli, (H&E Staining: 400X) . 
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Fig.4.58: Photomicrograph of kidney of rabbit after four weeks treatment with Deferiprone  showed marked 

regenerative changes  tubular epithelium and mild congestive changes, (H&E Staining:100X). 

 
Fig.4.59: Photomicrograph of kidney tissues of rabbit after 8 week treatment with Camellia sinenis showed the 

normal the tubular epithelial cell, (E & H staining: 200X).    
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Fig.4.60:  Photomicrograph of spleen tissues of rabbit after four weeks treatment with Curcuma longa showed 

the mild congestion with depletion of the splenocytes, (H&E Staining: 100X). 

 

 
Fig.4.61: Photomicrograph of cardiac tissues of rabbit after four weeks treatment with Psidium gujava showed 

the mild degenerative changes in the cardiomyocytes nuclei are prominent (H & E staining:200X). 
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 Fig.4.62: Photomicrograph of cardiac tissues of rabbit after four weeks treatment  Camellia sinenis showed the 

healing of the sarcolema of the cardiomyoctes and mild fibroblast proliferation(H & E staining: 400). 

 
 Fig.4.63:  Photomicrograph of cardiac tissues of rabbit after 8 weeks treatment with Camellia sinenis heart 

showed the healing processes with fibroblast proliferation and increased number of cell division in 

cardiomyocytes, (H & E stain) X-200. 
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Fig.4.64:  Photomicrograph of cardiac tissues of rabbit after 8 week with Crucuma longa revealed complete 

regeneration and healing of the  cardimyocyte, ( H & E staining: 200X). 

 

 
Fig.4.65: Photomicrograph of hepatic tissues of rabbit after 4 week treatment with  Psidium gujava liver cell 

showed the regeneration of hepatocytes with prominent nuclei ,(H & E staining:400X). 
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Fig.4.65: Photomicrograph of liver tissue of rabbit after 8 week  treatment with  Psidium gujava showed the 

normal paranchyma  regeneration of the hepatocytes, (E & H stain) X-100. 

 
Fig.4.66: Photomicrograph of hepatic tissues of rabbit after 8 week treatment with Camellia sinenis revealed the 

regenertaion of the hepatocytes with enhance nuclear division,(H & E staining: 100X ). 
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DISCUSSION 

5.1: Phytochemistry 

5.1. 1Alkaloids 

Chloroform extracts of plants material showed light orange precipitates form with 

Dragondroff’s reagent, maroon color appear with Wagnor's reagent and turbidity appears 

with Valsers reagent. These observations showed the presence of alkaloids in these medicinal 

plants. Quantitatively crude alkaloids were measured and the values of percentage of 

alkaloids are shown in (Table 4.2). It is widely accepted that alkaloids are used against 

common colds, sinusitis, hay fever, bronchial asthma and treatment of major types of 

cancers. So these plants have considerable  potential regarding as  remedy against different  

disorders. 

5.1.2:   Flavonoids 

 Alcohol extracts of plants material gave brown color with shinoda test when filter 

paper strip dipped in alcoholic extracts of plants material which turned yellowish green in 

appearance. These confirmation indicates that flavonoids were present in Psidium gujava, 

Camellia sinensis, Curcuma longa and Citrus aurentifolia (Table 4.2). 

5.1.3:  Glycosides:-   

 Ethanolic extracts of Psidium gujava, Camellia sinensis, Curcuma longa and Citrus 

aurentifolia showed red and brown precipitates with Fehling’s and Benedict’s reagents 

respectively, this development indicates the presence of glycosides in these medicinal plants 

extracts. A little acidic solution was added in these plants extracts gave light green color and 

alcoholic solution of medicinal plants treated with sodium picrate gave greenish black color, 

these observations indicated the presence of glycosides in these extracts (Tables 4.2). 

5.1.4:   Tannins 

 Alcoholic solution of plants material gave brownish green color with ferric chloride, 

which disappear after addition of sulphuric acid into bluish black. These indications tells us 

that tannins were present in Psidium gujava, Camellia sinensis, Curcuma longa and Citrus 

aurentifolia (Table 4.2) 
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5.1.5:    Saponins 

When small quantity of grinded plant material was shaken with distilled water then 

frothation was developed. Hence it indicates that saponin was present in Psidium gujava, 

Camellia sinensis, Curcuma longa and Citrus aurentifolia plantsas shown in (Table 4.2). 

5.1.6:   Steriods and Terpenoids 

Chloroform extract of sample plant material gave yellow to light brown junction 

developed at two phases with Libermann-Baicherd   reagent and light orange ring with 

Antichloride test. Also the formation of light yellow color in Salovasaki test indicates the 

presence of steroids in Psidium gujava, Camellia sinensis, Curcuma longa and Citrus 

aurentifolia plants as presented in (Tables 4.2). 

          The phytochemical screening of Psidium guajva leaves extracts were analyzed 

qualitatively and quantitatively.  The screening data/results of alkaloids, flavonoids tannins, 

glycosides, saponins, steriods and terpenoids are presented in table 4.2 and 4.3 respectively. 

The qualitative analysis of flavonoids, tannins, alkaloids and glycosides showed high reactive 

intensity (++) when compared with saponins, steriod and terpenoids (all carrying +). The 

quantitative analysis of flavonoids (9 %) and tannins (9%) demonstrated high potency when 

compare with alkaloids (7%) glycosides (8%) and saponins (4%) as presented in (Table 4.3). 

 The phytoconstituents of Camellia sinensis extracts were analyzed for qualitative and 

quantitative estimates. The screening data/results of alkaloids, flavonoids tannins, glycosides, 

saponins, steriods and terpenoids presented in table # 4.2 and 4.3. The qualitative analysis of 

flavonoids revealed high reactive intensity (+++) when compare with alkaloids, tannins, 

glycosides, (all carrying ++) while saponins, steriod and terpenoids (all carrying +). The 

quantitative analysis of flavonoids (14 %) demonstrated high potency when compare with 

tannins (10%), alkaloids (9 %) glycosides (8%) and saponins (5%) as in (Table 4.3). 

The qualitative and quantitative analysis of Curcuma longa rhizome extracts were 

carried out. The results of turmeric extracts of alkaloids, flavonoids tannins, glycosides, 

saponins, steriods and terpenoids are presented in table 4.2 and 4.3. The qualitative analysis 

of flavonoids and glycosides showed high reactive intensity (+++) when compare tannins, 

alkaloids, saponins (++) steriod and terpenoids (all carrying +). The quantitative estimation 
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of glycosides (12%) and flavonoids (11 %) showed high potency when compared with 

tannins (9 %) alkaloids (7%) and saponins (7%) as in (Table 4.3). 

        The phytochemical screening of leaves of Citrus aurentifolia extracts were measured for 

both qualitative and quantitative analysis. The qualitative results of alkaloids, flavonoids 

tannins, glycosides, saponins, steriods and terpenoids are presented in table # 4.2 and 4.3. 

The qualitative analysis of glycosides showed high potentials (+++) when compare with 

tannins, flavonoids, saponins (++) while steriod and terpenoids (all carrying +). The 

quantitative estimation of glycosides in Citrus aurentifolia was (14%), flavonoids (9%) and 

tannins (8) demonstrated high potency when compare with alkaloids (7%) and saponins (6 

%), respectively as in (Table 4.3). 

 The results of phytochemicals of our study showed that our plant material contain 

almost all the secondary metabolites. The plants materials (turmeric, green tea, khatti and 

amrood) showed positive results (Tables 4.2 and 4.3).  Secondary metabolites such as 

alkaloids, saponins, tannins and flavonoids posses’s antiviral and antibacterial activity, 

antidiarrheal activity may be due to flavonoids and tannins (Enzo, 2007). Different 

investigations showed that flavonids increase colonic (Enzo, 2007). Steroids act as 

analgesicand anti-inflammatory agents (Majaw and Moirangthem, 2009). 

 Curcuma longa extract contain phytochemicals and ten secondary metabolites obtain 

from methanolic extract of Curcuma longa (Carbohydrate, Proteins, Starch, Aminoacids, 

Steroid, Glycoside, Flavonoid, Alkaloid, Tannin and Saponin), (Jyoti et al., and 2012). 

Rajesh et al., 2013 has reported that six phytochemical obtain from aqueos and ten from 

methanolic extract (Swadhini et al., 2011).Phytochemical constituents such as alkaloids, 

tannis and flavonoids are non nutritive and used to treat different disease (Sawant and 

Godghate, 2013). 

 Different medicinal plant synthesize and accrue different element in different amount 

of due to different gene expression, it also affect the antioxidant activity and biological 

properties (Rafat et al., 2010). Different studies showed that the composition of flavonoids 

and phenolics diversified at tissues and the sub- cellular level (Macheix et al., 1990; Randhir 

et al., 2004).  
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The importance of secondary metabolites such as tannis,  alkaloids and saponins 

present in various antibiotics that used to treat different disease (Kubmarawa, 2007; Mensah, 

2008) found  that  12 green leafy vegetables contain  alkaloids (Ayitey and Addae, 1977) and 

earlier recorded that alkaloids present in bitter leaf that helpful to reduce hypertension and 

headaches (Mir et al., 2013). 

 Our results of phytochemistry are in accordance with (Sawant and Godghate, 2013) 

found that medicinal  have many compounds  such as phytoconstuient used for medicinal 

purpose.Secondary metabolites such as alkaloids, flavonoids and steroids have antibacterial 

properties. 

 Our results of Psidium gujava, Camellia sinenis, Curcuma longa and Citrus 

aurentifolia are in line with medicinal plants from Yavatmal District. He used seven 

medicinal plant such as Mimosa pudica L, Phyllanthus emblica L., Carea arborea Roxb, 

Zizipus jujube L, Caesalpinia pulcherima and Argimone Mexicana L. He performed 

Qualitative phytochemical analysis of these medicinal plants and confirm the presence of 

bioactive compounds such as flavonoids, alkaloids, steroids and terponoids (Kai Zhang and 

Yuegang Zuo, 2004;Dhawale, 2013). 

Secondary metabolite tannin (Guava)can also kill bacteria and inhibit growth and by reacting 

with the cell membrane.The tannin compounds together with polyphenols, these compounds 

can diminish bacteria by destroying the bacterial plasma membrane is composed of protein 

and lipids (Mailoa et al., 2014). 
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5.2: Fourier transforms infrared study of phytochemicals extracted from selected 

medicinal plants 

 Ragavendran et al., (2011) reported that Infrared spectra of various extract (Ethanol 

aqueous, Ethanol and Aqueous) medicinal plants were recorded. The vibrational 

assignments, wave number (cm-1) and intensities of main peak were obtained from 

absorption spectra. Thebands were made with respect to the components present in different 

extracts. By this analysis,functional groups such as amides amino acids, carboxylic acid, 

carbonyl compounds, amines, carbonyl compounds,halogens and organic hydrocarbons are 

present in all the three extracts, our results of medicinal plants also possess such group such 

as amides amino acids, carboxylic acid, carbonyl compounds, amines and carbonyl 

compounds. These results showed thatthe aqueous ethanol, aqueous and ethanol extract of 

this plant having high therapeutic value. 

 Our results of FTIR spectra of medicinal plants such as Psidium gujava, Camellia 

sinenis, Curcuma longa and Citrus aurentifoliaare in line with Konwar and Baruah (2011) 

who reported that fifteen samples of different plants are selected for study of their FTIR 

spectra. All the fourteen bands originating from different groups (N-H, O-H, C-H, C=O, C=C 

and C=N) may be termed as key bands and one can follow their absorption characteristics 

and differentiate individual plant leaves or tissues. 

5.2.1: Alkaloids 

 Alkaloids contain commonly nitrogen. In addition to carbon, hydrogen & nitrogen, 

they can also comprise sulphur, oxygen and infrequently chlorine (cl), phosphorous bromine 

(PBr). Generally they might contain pyridine ring, hydroxyl group an aromatic ring a 

secondary amine or tertiary amine etc. The band spectra of these medicinal plants are 

presented in Fig. 4.1, 4.2, 4.3 and 4.4. The data obtained by IR analysis can be seen in Table 

4.4. Our results of FTIR spectra of alkaloids of medicinal plants are greatly agreed with Alias 

et al., 2010 revealed that   IR spectra of alkaloids, there is a broad peak seemed in the range 

from 3370 to3406 cm-1 demonstrating the existence of a hydroxyl (OH) group which is 

sturdily H-bonded. In some mixtures there pragmatic a peak ranging from 2928 to 2983 cm-

1which is owing to C-H extending quivering though this peak is not evidently seemed in all 

the bands of the mixtures, truly it is encountered with the broad peak for O-H (str) in the 
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bands of some mixtures (Heneczkowski et al., 2001). A piercing peak detected in the variety 

from 1699 cm-1 to 1721cm-1 is owed to carbonyl group. Another spectra around 1640-1655 

cm-1 is detected in all the spectra which is possibily because of C=N (str) or C=C (Kareru et 

al., 2008). The representative absorbance of C-N (Str.) is seemed ranging from 1255-1280 

cm-1. A peak detected in the range from 1010cm-1 to1050 cm-1 is allotted to C-O (Str.) 

vibration. Other spectra seemed at ubiquitously 1375-1390 cm-1 is perhaps because of C-H 

bending pulsation (Kareru et al., 2008).  

5.2.2: Flavonoids 

 Flavonoids are ordinary, biologically vigorous compounds. They are metoxyl 

glycoside, and hydroxyl byproducts of flavones. A typical spectrum of flavonoids is shown 

in Fig. 4.5, 4.6, 4.7 and 4.8 and representative IR data in Table 4.5. Our results of flavonoids 

of medicinal plants are in accordance with Shafaghat and Salimi, 2008 reported that the IR 

spectrum of all the compounds illustrations a peak oscillating from 2856cm-1to 2951 cm-1 

representative the presence of C-H bond. A very extensive peak in the range from 3280-3360 

cm-1in all the spectra is detected which is due to hydrogen bonded with oxygen O-H 

stretching vibration. A band seemed in the range from 1040 to 1050 cm-1 is allocated to C-O 

stretching vibration. The peak seemed at about 1600-1630 cm-1 is allocated to aromatic C=O 

(Str), (quinonic group) (Shafaghat and Salimi, 2008). The advent of carbonyl extending 

vibration peak at a low frequency is owing to delocalization of carbonyl pi-electrons which 

fallouts in amplified single bond character of carbonyl C=O group and therefore declining 

the absorption frequency (Stancic-Rrotaruet al., 2003). Additional peak around 1340-1400 

cm-1 is detected in all the spectra which is maybe due to C-H bending vibration. 

5.2.3: Saponins 

Saponins are glycosides of steroids, triterpenes and occasionally alkaloids, which 

happen primarily, but not entirely in plants. The saponins can thus be classified as alkaloidal 

steroidal and triterpenoidal depending on the nature of the aglycone. The aglycone part of a 

saponin denoted to as a sapogenin, while the glycone fragments of the saponins are 

commonly oligosaccharides. Oligosaccharides can be connected to the sapogenin through an 

ester or ether linkage at one or two glycosylation places, giving the equivalent mono 

desmosidic or bi desmosidi csaponins, correspondingly. A Typical spectrum of saponins is 
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shown in Fig. 4.9, 4.10, 4.11 and 4.12 and representative IR data in Table 4.6. Our results of 

flavonoids of medicinal plants are in line withNatoriet al., 1981 addition of the glycone to 

three locations (tridesmosidic) in a sapogenin is infrequent. Numerous saponins are existing 

in advanced plants in the form of glycosides of multifarious alicyclic compounds and 

demonstration characteristic foaming assets in aqueous resolution. Many plants comprise 

minute or no saponin; in others, the triterpenoid saponins dominate. The triterpenes are 

divided into 20 clusters, contingent on their precise structures. The base structure originate in 

the main diversity of medicinal plants is the oleanane type triterpene. In detail inaccessible 

oleanolic acid, the elementary oleanane triterpene, is a constituent of beneficial attention 

originate in the Chinese herbal plant Panaxjaponicum (Liu, 1995). Saponins exhibited typical 

infrared absorbance spectra, and the hydroxyl group (OH) ranging from 3334 cm-1 to 3372 

cm-1; C-H ranging from 2926 cm-1 to 2978 cm-1; C = C absorbance ranging from 1640 cm-1 

to 1659 cm-1; C=O ranging from 1715 cm-1 to 1742 cm-1. The absorption spectra in IR 

appeared in the range from 1036 cm-1 to 1058 cm-1 is assigned to C-O extending vibration 

(Table 4.6). The data found from I-band of saponins are in agreement with that declared in 

the literature (Kirmizigul and Anil 2002). 

5.3: GCMS Analysis of Essential oil of Medicinal plants 

 The results for the chemical composition of Curcuma longa, Camellia sinenis and 

Citrus aurentifolia, Psidium gujava oils are presented in tables (4.7, 4.8 and4.9). 

Literature revealed the limonene present in these medicinal plants. Limonene belong to 

monoterpene and also used as insecticide. Limonene cause regression and prevent 

reappearance mammary tumours (rats). They have ability to prevent tumour growth and 

prevent the different phases of carcinogenesis (Field and Roe, 1965; Wattenbergand Coccia, 

1991; Hooser, 1990; Ho and Fauziah, 1993). 

 Hydrodistillation was used for the isolation of oil from (Dongmo et al., 2009) Citrus 

aurantifolia by using three different varieties that grown in Cameroon. GC-MS analysis of 

these varities were done and found that these samples contain high amount limonene and 

monoterpenes. In our samples of Citrus aurantifolia, limonene was also present. 

 Limonene was the major component of four different varieties of C.sinensis.Our 

results are in line with (Sawamura, 2005). Our results of Citrus aurentifolia agreed with  C. 
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reticulate, g-terpinene  and b-pinene were not found  in these medicinal plants (Minh  et al., 

(2002) found that 95.1% limonene content in C. reticula. Vietnam and Dharmawan et al., 

(2007) reported that (89.6%) fresh juice also contain limonene. 

Our results are in line with Helen et al., (2012) that the essential oil from Curcuma longa 

rhizome was isolated and differentiated by GC-MS. The Curcuma longa extract of methanol 

contain 240% of yield, similarly acetone extract 180%, hexane rhizome extract 140% yield 

and essential oil 1.4%. GC–MS investigation from the Curcuma longa essential oil showed30 

peaks. The major constituents were found as α-turmerone, β–turmerone and Camphor.  

 In our results same compounds α-turmerone and β–turmerone were recognized as the main 

components of Curcuma longa (rhizome) extract are agreed with Raina et al., (2005). 

Our results are also in accordance with the study of Leela et al., (2002) found that the 

Curcuma longa essential oil was composed of forty seven (47) components. The turmerone 

was the main component of Curcuma long 

The essential oil of the leaves of Psidium guajava grown at  India was isolated and analyzed 

by gas chromatography coupled with mass spectrometry (GC-MS), (Yuegang Zuo et al., 

2002).The components of the essential oil were identified by comparing their retention 

indices and mass spectra fragmentation patterns with those stored on the MS computer 

library and also from the published literatures (Nisha et al., 2010). 

Psidium gujava used in different studies due to two major reason, one which volatile present 

in this plant responsible for typical aroma and secondly it is a fruit that attract 

C. capitata and Mediterranean fruitfly (Vargas, et al., 1983), Oriental fruit fly, B. dorsalis 

(Vargas et al., 1983).Caribbean fruit fly, A. suspensa also used Guava fruit as a host 

(Baranowski et al., 1993). 

5.4: Antioxidant activity of medicinal plants 

 The results of antioxidant activity of Curcuma longa, Camellia sinenis and Citrus 

aurentifolia, Psidium gujava are presented in tables 4.10, 4.11, 4.12 and 4.13. 

 Pourmorad et al. (2006) reported that flavonoids show antioxidant activity and good 

effects on human health and nutrition. The flavonoids act through chelating and scavenging 

process.Jaouad et al., (2006) demonstrated that flavonoids rich food prevent the human from 

different disease and provide better health. TFC and TPC of weight of 1g of plant material 
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used in range of 0.22 to 10.0 mg of CE respectively.Bozin et al. (2008) explained the 

comparison of garlic extracts in case of  antioxidant activity and different result were 

obtained.Total phenolic content (TPC)  is a good indicator  of the antioxidant constuients 

(Gorinstein et al., 2006) present in any sample. Free radical generates oxidative stress but 

antioxidants have good mechanism of defence (Gedik et al., 2005; Bozin et al., 2008). 

 Singh et al., (2011) demonstrated that the phenolic compounds present in medicinal 

plants those posses an aromatic group and containin one or two hydroxyl group.( Atoui et al., 

2005) Phenolic compound that derived from medicinal plants showed many activities such as 

anti-inflamamtory, antioxidant, anticarcinogenic activity  and antimutagenic activity (Geetha 

et al., 2005).Phenols and Polyphenols obtained from medicinal plants good  mechanism 

preventing the carcinogens (Claudine et al., 2004). Many studies conducted on Acaciaspecies 

have proved that phenols and polyphenols present in these extract and have strong 

antioxidant and antimutagenic activities. The results have shown that the maximum phenol 

contents are present in methanol extracts that is 523.18 ± 0.5 gallic acid equivalents at 100% 

concentrations. Minimum result is shown by acetone extracts of medicinal plants in 25% 

concentration that is 86.97 ± 0.08gallic acid equivalents  

 In our study, highest total phenolic contents were extracted from methanol. The 

ability of different solvent to extract TPC were lowered in the order of methanol> ethanol> 

acetone.  Siddhuraju and Becker, 2003 explained that two solvent methanol and ethanol 

effective to extract phenolic compounds but methanol solvent  proved better  for extraction of 

antioxidants. 

 Our results of medicinal plants closely agreed with Gullece et al., (2007) who 

determined the total phenolic content of methanol extract as gallic acid equivalent. Radical 

scavenging activity of methanol extracts might be due contain total phenolic content 

(Saeedeh and Urooj, (2007) proposed that the total phenolics in each extract responsible of 

antioxidant activity.  Methanol proved most efficient solvent for the extraction of 

antioxidants, methanol solvent used for extraction of antioxidant from mulberry (leaves) and 

contain high amount phenolic compounds and showed strongest antioxidant activity.Bonzi et 

al., (2008) also reported that plant material contain total phenolics  ranged from 0.05 to 0.98 

mg GAE/G. (Kai Zhang and Yuegang Zuo.2006), When trepenoids content high in medicinal 
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plant than phenolic compound decrease may be increase sulphur compounds. Zheng and 

Wang (2001) determined total phenolic contents of twenty seven herbs and twelve medicinal 

plants and total phenolic contents found in range of  0.23 to 2.85 mg of gallic acid 

equivalents (GAE/g) of fresh weight. 

 Our results are in accordance with Bozin et al., (2008) who demonstrated that in the 

DPPH assay, the ability of plant extracts act as donors of hydrogen (H) or electrons in 

alteration of DPPH radical to reduce. Highest value of percentage inhibition was shown by 

methanol extracts and the lowest value of percentage inhibition was showed by acetone 

extracts. He assayed DPPH in garlic extracts. All the extracts of medicinal plants were able 

to reduce purple-colored radical, DPPH, into the yellow-colored DPPH-H, reaching 50% of 

reduction. 

 According to different studies (Manach et al. 2004; Lee and Kader, 2000; Kevers et 

al. 2007; Bozin et al. 2008),polyphenol  that present in medicinal plants vary in 

concentration due to number of factor such as environmental,  genetic and technological 

factors. Many minerals, vitamins and antioxidant present in  fruits that is part of our and 

provide energy.Borchard et al. (2009) evaluated that the  naturalized plants (seeds) found in 

Mississippi River also good source of antioxidant and antimicrobial  activity.  

Our results of Psidium gujava are in accordance with Zahidah et al., (2013) who investigated 

the antioxidant activity of leaves of pink guava (Psidium guajava L.).They leaves analyzed 

for total phenoliccontent (TPC), total flavonoid content (TFC), (Hao Chen et al., 2001;Hao 

Chen and Yuegang Zuo.2006(scavenging of 2, 2-diphenyl-1-picrylhydrazyl radical (DPPH). 

Results showed that pink guava leaves possessed a higher TPC (368.61 ± 25.85mg/100 g 

GAE), totalflavonoid content and high scavenging effect (90%). 

5.5: Antioxidant activity of medicinal plants against DNA damage 

 Antioxidant potential of plants extracts and essential oils of Psidium guajava, 

Camellia sinensis, Curcuma longa and Citrus aurentifolia on pBR322 strands scission were 

induced by H202 and ultraviolet light (UV). The results in relation to fig 4.16, 4.17, 4.18 and 

4.19 advocated that the antioxidant activity of the plant extracts of Camellia sinesis, 

Curcuma longa, Psidium guajava and Citrus aurentefolia correlate admirable with their 

phenolic contents. These findings explored the highest contents of phenolic in leaf extract 
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and essential oil of Psidium guajava, Camellia sinesis, Citurs aurentofolia and Curcuma 

longa contain most powerful effect on antioxidant activity. Hydroxyl radicals are considered 

to be the most effective against reactive oxygen species (ROS) which have the capacity to 

attack DNA to cause strand scission. Because the leaf extracts (methanol) and essential oils 

of Psidium guajava, Camellia sinenia, Citrus aurentefolia and Curcuma longa attributed the 

strongest antioxidant activity. Different concentration like 10ug/ml 100ug/ml and 1000ug/ml 

of medicinal plant extracts were used but 100ug/mland 1000ug/ml concentration showed 

maximum recovery band when compared to 10ug/ml and 1000ug/ml regarding extracts and 

essential oils of all medicinal plants. 

 Our results are in accordance with Riaz et al., (2012).Mazus goodenifoliuswhich had 

high amount of flavonoids and phenolics which helpful against hydrogen peroxides 

(H2O2)induced damage in  pBR322 DNA  and highest (1,000μg/mL)tested dose of Mazus 

goodenifolius was established to be effective to prevent DNA damage. Antioxidants act at 

different stages like prevention, interception and reinstate (donating hydrogen, act as a 

chelator and quenching O2) by different mechanism (Devasagayamet al., 2004).The results of 

DNA damaging and repairing are in line with Keum et al.,(2006) who have found that a dose 

of 30 mg/ml of methanolic extract (medicinal plants) was effective to prevent DNA 

damage.Reactive oxygen species (ROS) participate mainly in chronic disease, tumor 

promotion and aging but natural antioxidant helpful to prevent these diseases. The L. camara 

leaves extract demonstrate substantial antioxidant activity (Hao Chen and Yuegang 

Zuo.2006) inreducing power assay, metal chelating assay and DPPH assay. Medicinal plants 

extract exhibited prevention of plasmid pBR322 DNA from oxidative and free radicals 

damage.Highest content of phenolic compound present in extract that is the major cause 

behind the antioxidant capacity of this medicinal plants (Kalita et al., 2012).Traditional 

medicines used for the treatment of different degenerative disease and clinical research.Guha 

et al., (2011) explained that fifty six (56) extract of fourteen (14) medicinal plants were used 

to prevent oxidative DNA damage induced by hydrogen peroxide H2O2. He found that all the 

extract effective against DNA damage but three extract showed significant anti-genotoxic 

potential In our medicinal plant (Curcuma longa) similarity was found of DNA band pattern 

of sugarcane. Kadamet al. (2008) demonstrated that sugarcane juice (extract) has defensive 

outcome against DNA damage induced by radiation. Hydroxyl radical found in biological 
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system is most reactive and perform the following function, is the most reactive radical found 

in biological systems. It can take out hydrogen atoms (H) from natural molecules, form 

oxysulfur radical when thiols combine with oxygen which harms natural substance(Jihed et 

al., 2011).Hydroxyl radical which damage the DNA, sugarcane extracts prevents this damage 

may be due to chelating activity and hydroxyl radical scavenging and might be due to these 

both (chelating activity and hydroxyl radical scavenging),(Sabir et al., 2012; Abbas et al., 

2013) 

5.6: Antimicrobial activity of medicinal plants 

 In the present  study, the e antimicrobial activities of different medicinal plants 

extracts produced by different solvents like n-hexane, methanol, chloroform and ethylacetae 

were also evaluated.The results related to antimicrobial activities of medicinal plants 

(Psidium gujava, Camellia sineis, Curcuma longa and Citrus aurentifolia) are presented in 

table 4.14, 4.15, 4.16, 4.17 and 4.18 

 The leaf extracts of the selected medicinal plants against selected bacterial strains 

showed sensitivity with  zones of inhibition greater than 11mm. Among the medicinal plants, 

the maximum antibacterial activity was shown by methanolic and ethyl acetate extracts of 

Psidium guajava against Pasteurella multicoida with mean values of inhibition zone as 27, 

31, 33 and 32, 29 and 31, respectively. The chloroform extracts revealed moderate activity 

towards above mentioned bacterial strains and maximum activity against E.coli with mean 

values of inhibition zone as 23, 24 and 21mm, respectively. Extract of Psidium guajava by n-

hexane demonstrated less sensitivity towards above mentioned bacterial strains and no 

sensitivity was seen against Pastereulla multicoida. Methanolic extracts of Camellia sinenis 

explored maximum sensitivity against Pasteurella multicoida with development of zone 

inhibition as 27, 25 and 28mm correspondingly. Ethyl acetate and chloroform extracts 

showed moderate activity against above mentioned bacterial strains and n-hexane showed 

less sensitivity towards all bacterial strains and no sensitivity was observed against 

Pasteruella multicoida. 

 Ethyl acetate and chloroform extracts of Curcuma longa demonstrated more 

sensitivity toward the growth of E.coli and Pasteurella multicoida with zone range of 22 to 

26mm. Methanolic extracts showed medium range activity and n-hexane showed low degree 
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sensitivity towards all bacterial strains except Pasteruella multicoida.Methanolic extracts of 

Citrus aurentifolia leaf showed fine result against all bactarial strains with maximum zone of 

inhibition as 25, 27 and 28mm towards Pasteruella multicoida. Ethyl acetate and chloroform 

extract showed moderate activity against all bacterial strains and n-hexane showed less 

sensitive towards all bacterial strain except P.multicoida. 

 The presence or absence of activity was checked with the positive and negative 

controls. The zones of inhibition were measured by zone reader in millimeter (mm).The 

readings obtained were in triplicates. The data was expressed as mean±S.D. On the whole 

results showed that the selected medicinal plants had the good potential to inhibit the growth 

of all the tested fungal strains as A. niger, F. solani and A. falvas and the zone of inhibition 

observed by their leaf extract were more than 14mm which indicate that all the tested fungal 

strains were sensitive towards the selected medicinal plants. Maximum sensitivity was 

observed by the strain A. falvas towards the leaf methanolic extract of Psidium guajava.  

Methanolic extract of gujava also showed good activity against all remaining fungal strains. 

Ethyl acetate and chloroform extracts showed strong activity towards A.niger and F.solani 

and n-hexane showed nil activity against all fungal strains. 

Methanolic extract of Camellia sinenis showed very good activity towards A.falvas and ethyl 

acetate extract exhibited good activity against F. solani. Chloroform extract showed modrate 

sensitivity towards A.falvas and n-hexane showed nil activity against all tested fungal strains. 

 The ethyl acetate extract of rhizome of Curcuma longa showed strong activity toward 

F.solani. Chloroform extract showed good activity toward A. falvas and Methanol extract 

showed less activity as compared to ethyl acetate and chloroform. The n-hexane extract of 

rhizome did not show any sensitivity against tested fungal strains.Similarly methanolic 

exraction of the leaf of Citrus aurentifolia showed sensitivity towards the A.falvas and Ethyl 

acetate extracts exhibited sensitivity against F.solani. The n-hexane showed nil activity 

against Citrus aurentifolia extract. 

 Results have shown that prepared extracts in methanol almost showed good results. 

The highly strong activity was observed in Methanol extracts of these medicinal plants 

against all tested fungal strains. And no antifungal activity was shown in n-hexane 

extract.Among the rhizome extracts by different solvents, chloroform extract was revealed 
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maximum activity that is 25 mm against A. nigerand minimum antifungal activity in 

methanol extract, while n-hexane extract showed nil activity against all tested fungal strains. 

Houghton et al. (2003) reported the antifungal activity of chloroform extracts of these two 

medicinal plants such as B.davidii and B.cordata. The medicinal plants used to covering the 

basic needs of health and also a source of antifungal,antibacterial and antiviral activity 

(Mingarro et al., 2003). 

The Curcuma longaextracts diminish the growth of a number of microorganisms specifically 

E.col, Staphylococcus aureus, Pseudomonas aeruginosa and Shigellaetc. (Singh et al., 

2002).A variety of experiments showed that Curcuma longa rhizome extract can also reduce 

the growth of Staphylococcus aureus,E.coli, Salmonella,Bacillus cereus and Salmonella  

(Uechi-Shuntoku et al., 2000). Many studies demonstrated that in some medicinal plants 

contain a variety of soluble compound such as phenol, chloroform, ethanol, butanol, 

methanol, peptides, unsaturated long chain aldehydes,peptides, alkaloids and essential oils, 

phenols, ethanol, chloroform, methanol and butanol soluble compound. The bioactive 

compounds present in medicinal plants showed important beneficial application adjacent to 

human pathogens, including virus, bacteria and fungi (Holetz et al., 2002; Horvath et al 

2002; Khan et al., 2003; Perez and Tremolieres 2003). Recently, the trend of 

discovering new natural antimicrobials agents in medicinal plants increasing day by day 

(Sagdic et al., 2003).The biological interactions between microbes and plant products also an 

important source for efficient antimicrobial substances, also have a different mode of action 

as compared to conventional methods of antimicrobial agens.Medicinal plants manufacture 

numerous compounds, with a secondary metabolism, by complex molecular structures and 

antimicrobial properties also present in medicinal plants and their derivatives. The present 

study states that the Curcuma longa extracts show the high activity against each of these 

tested organisms.  

 Onyeagba et al. (2004) also reported the antimicrobial activity of garlic and ginger by 

using two solvent (aqueous and ethanol)  against  different microorganism such as 

Escherichia coli , Staphylococcus aureus, Salmonella  and Bacillus spp.The inhibition zone 

measure with zone meter and found in range of  19 mm. Results of methanol extracts induced 

by 50 mM salt concentration showed zone of inhibition of 24.60 mm for Bacillus subtilis. 
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Antifungal activity by the disc diffusion assay of methanolic extract was 21.9 mm while 

other fractions show significant results beside n-Hexane fraction which show very low 

activity (Statti et al.2004), same pattern of inhibition was found in our medicinal plants.Satya 

et al. (2005) evaluated the fungi toxic effect of medicinal plants (Rhizoctonia solani). The 

zimmu leaf extract showed antifungal activity.  R.solani extract showed inhibition zone of 12 

mm. Our results showed the zone of inhibition of 14.6 mm for f. solani in methanol extracts 

of medicinal plants.  

Lee et al. (2007) screened Chinese medicinal plant extracts against fungal strains, such as 

Botrytiscinere, Glomerell acingula, Aspergillus niger, Fusariummoniliforme and 

Phyllostictacaricae. In this study, MIC values were also found in range of 13.3 mg/ml tested 

against P. caricae and F. moniliforme. The methanol extracts of C.cassia lost a great portion 

of inhibitory activities. The individual extract showed less inhibition of fungi as compared to 

combination of extract.Xavier and Vijayalakshmi (2007) also screened the aqueous extract of 

ten medicinal plants used by using disc diffusion method against Streptococcus mutans. 

Among them ethanol extracts of Allium sativum bulb exhibited high degree of inhibition. 

 Antibacterial effect of some selected Indian medicinal plants on bacterial strains like 

Staphylococcus aureus, Bacillus subtilis, Enterobacteraerogenes, Escherichia coli and 

Klebsiellapneumoniae. The solvents used for the extraction of plants were water and 

methanol. The most susceptible Gram-positive bacterium was B. cereus (Parekh and Chanda, 

2007).Shokeen et al., (2009) also evaluated potential for activity of 16 medicinal plants and 

found that multidrug- resistant (MDR) strain showed better results.  

 Our results of Psidium gujava are in line with Zahidah et al., (2013) demonstrated the 

antimicrobial activity of pink guava leaves extracts by using disc diffusion method against 

different bacteria such as Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa 

and Bacillus subtilis and also against fungi Aspergillus.Guava leaves extract also exhibited 

antimicrobial effect by inhibiting the growth of Bacillus subtilis and Staphylococcus aureus. 

Pink guava leaf extract has the potential to be usedas a functional food ingredient or as a 

bioactive ingredient in the food andpharmaceutical industry. 

Mailoa et al., 2014 investigated the antimicrobial activity of tannin extracts from guava 

leavesagainst pathogens microbial.The results showed that the extracts rich in tannins can 
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inhibit the growth ofEscherichia coli, Pseudomonas aureginosa, Staphylococcus aureus, 

Aspergillus niger and Candidaalbican . 

5.7: Cytotoxicity of medicinal plants 

 The cytotoxic of medicinal plants extracts of Psidium gujava, Camellia sineis, 

Curcuma longa and Citrus aurentifoliapreparedin different solvents like methanol, ethanol 

and aqueous solution was also evaluated in the present study. The highest cytotoxic activity 

(Psidium gujava, Camellia sineis, Curcuma longa and Citrus aurentifolia) were revealed by 

methanolic extract in both haemolytic and brine shrimp assays as presented in table 4.19and 

4.20. 

The literature indicated that these classes of compounds are widely reported from these 

genera displaying different biological activities (Bringmann et al., 2000; Chhabra et al., 

1984; Hegazy et al., 2008; Steenkamp et al., 2009). The cytotoxicity on the brine shrimps 

revealed that all extracts were less toxic to brine shrimps compared to the standard anticancer 

drug cyclophosphamide which had (Magadula et al., 2012). 

 Our results are also agreed with Rehman et al., (2011) found that methanolic extract 

possessed more cytotoxicity as compared to other solvent extracts. In our study, methanolic 

extracts of Psidium gujava, Camellia sinenis, Curcuma longa and Citrus aurentifoli were 

more cytotoxicity activity as compared to ethanol and aqueous extract.  

 Rehman et al., (2011) demonstrated that the cytotoxic, thrombolytic and membrane 

stabilizing potentials of S. mahagoni flower extract. While investigating cytotoxic activity 

using brine shrimp nauplii, all partitionates except aqueous soluble fraction gave non-

significant differences compared to standard vincristine sulfate. So, all partitionates but 

aqueous soluble fraction are as active as the standard in cytotoxicity. In determining the 

thrombolytic activity of the partitionates, we observed that streptokinase and crude methanol 

extract showed significant differences compared to the blank.Riaz et al., (2012) demonstrated 

the cytotoxicityof the plant extract, fractions and essential oil was analyzed by examining 

haemolyticactivity against human blood erythrocytes (RBCs), whereby the % lysis of RBCs 

was foundto be in the range of 1.65 to 4.01%. 
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 The remarkably observation is for Calotropis procera, medicinal species with toxic 

effects showed low hemolytic activity on human erythrocyte compared to others considered 

not toxic. It possible that the cytotoxic activity was not only or not related to lytic properties 

or membrane instability induced by the extracts but it do to another mechanism. This species 

produce cardiac principles (Neuwinger, 1996) and present a great medicinal interest, it was 

used for treat intestinal worms, cutaneous diseases, asthma, bronchitis, anorexia, 

inflammations and tumors.  Our results also in line with Mohammedi Zohra and Atik 

Fawzia., (2014) the membrane of erythrocyte can be affected by consumption of bioactive 

compounds from herbs and medicinal plants. Hemolytic activities of nine extracts from 

different species on human erythrocytes were investigated.  The toxicity of methanolic 

extracts of nine plants from arid and sub-arid area on humanerythrocytes was measured by in 

vitro hemolytic assay. Th results showed that hemolytic activity in all extracts is not more 

than15% and not significant alteration on erythrocyte membrane was observed at low 

concentrations while hemolytic activity is concentration-dependent. Hemolytic effect was 

amplified at increased concentration and itis function of extract. The higher hemolytic 

activity is showing with extract from the Saharan species.These results explain that 

parameters of red blood membrane cell are notaltered if therapeutic formulations from these 

plants are used at low concentration, but a great attention will takewith greatest 

concentrations. In our medicinal plants greater concentration showed better results. 

Pisutthanan et al., (2004) reported that brine shrimp larvae have been used as a bioassay for a 

variety of toxic substances. Themethod has also been applied to plant extracts in order to 

facilitate the isolation of biologically active compounds. Shrimp lethality activity based on 

taxonomic approach including Azedirachta indica, Azedirachta indica var. siamensis, Melia 

azedarach, Sandoricum indicum and Swietenia macrophylla.The stem bark and leaf were 

separately collected and investigated for their activities. All of the stem bark extracts, except 

S. macrophylla, showed significant toxicity whereas all of the leaf extracts were inactive. The 

stem bark of Annona squamosa, which exhibited brine shrimp toxicity, has been used as 

positive control and its leaf and seed were also examined. The result showed that the leaf and 

seed of this plant exhibited higher potency than the stem bark. 

5.8:  Animal study 

 The potential of natural and synthetic iron chelating agents was investigated using 
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animal models. The experimental animals were overloaded with iron by using the iron 

sulphate through oral route and IROSE (iron sucrose) through intravenous route respectively. 

The extracts of following plants as Psidiumgujava, Camellia sinensis, Curcuma longa and 

Citrus aurentifolia were selected as naturaland deferoxamine and deferiprone as synthetic 

source for iron chelating activity of iron overload in experimental animals. The experiment 

was clinically managed in two phase, in first phase iron overload was done in experimental 

animals while in second phase chelating of iron from experimental animals (iron 

overloaded). For this purpose, 54 male albino rabbits were divided into three groups, first 

control group; second and third groups for iron overload through oral and intravenous routes 

respectively. After iron overloading, these groups were further divided into sub-groups. The 

experiment was continued up to six months as per requirement of the research work. 

5.8.1: Occurrence of iron overload in experimental animals  

 Fifty four male albino rabbits were purchased from Butt Rabbit Farms, Jhang Bazar 

Faisalabad. Average ages all animals were sixteen weeks and average weights were 2± 0.2 

kg. All the groups were fed with fresh water and Trifolium alexandrium (Berseem) for seven 

days to normalize the physiology of all animals.  The respective groups were kept into their 

specified cages as per allotment and need of the experiment.  

 In first phase, control group were served with fresh water and Trifolium alexandrium 

(Berseem) throughout the experiment. Groups second and third were overloaded with iron by 

using the iron sulphate through oral routeand IROSE (iron sucrose) through intravenous route 

respectively.  Physiological parameters as temperatures and weights were also 

measured/noted during whole experiment as given in tables # 4.21, 4.22 and 4.47, 4.548, 

4.549, 4.50, 4.51, 4.52, 4.53, 4.54, 4.55, 4.56, 4.57 and 4.58 respectively.Two animals were 

died in 3rd and 9th weeks from control group throughout conduct of experiment. Rest of 

animals of control group was remained healthy. 

 The oral group (group second) were served with iron sulphate for iron overload and 

same procedures were also adopted by (Clifford et al., 1997). Out of 22 animals of group # 2, 

three experimental animals were died in first, fifth and eleventh weeks during occurrence of 

iron overload. The variations were observed in eating and drinking habits of 2nd group during 

whole the experimentation when compared with control group. They were showed less 

interest in food and water consumption when compared with control group. Physiology of 
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body reflexes were also noticed slow as those of normal group. With the passage of time 

regarding the induction of iron overload, their  body  temperature were also elevated with 

1°C when compared with normal group as shown in table # 4.21.  The variations were also 

observed in weight after the occurrence of iron overload. 

 In second group when IROSE (iron sucrose) injection was administered to the 

animals they seem very uncomfortable, restless and disturbed. Out of 22 animals four dead 

during this four month course, two after one week and one in 7th week and one in 11th week. 

They abruptly developed temperature, loss of appetite, reduced water intake, laziness and 

altered reflexes. Same exercised was also done by (Pulla- Reddy and Lokesh, 1996). After 

injection of IROSE (iron sucrose) they remained restless for an hour after which they became 

normalized slowly. They were reduced their body weight up to 87grams on an average. Their 

ear veins were become prominent. 

 Regarding the occurrence of iron overload in experimental animals both oral and 

intravenous groups, the interaction between time interval of given drug and level of serum 

ferritin, total protein, albumin, globulin, A/G ratio, SGPT, SGOT, ALP, billirubin total, 

billirubin direct, billirubin indirect and IgG were found highly significant because the values 

of all above mentioned parameters P<0.01. The interaction between weeks and groups 

(serum ferritin, total protein, albumin, globulin, A/G ratio, SGPT, SGOT, ALP, billirubin 

total, billirubin direct, billirubin indirect and IgG) were found significant because P<0.05. 

Appel et al., 2001 reported the excess accumulation of iron in the well-fed animal’s liver and 

this study was dose-time dependent. Our results are in accordance with Whittaker and 

Chanderbhan , (2001) who found that iron overload caused many adverse effects reflected 

the significant increase of serum ,SGPT, SGOT and ALP and Pulla Reddy and Lokesh, 

(1996) who found that male wistar rats injected through intraperitoneal route 30 mg Fe 

showed hepatic damage and iron overload. Our results are also favored by Manjunatha and 

Srinivasan (2006) as they reported that rats injected with iron showed hepatic toxicity and 

deposition of iron in the body. Our results co-relate with Sadeek and Razek (2010) as they 

reported that thirty sex male wistar rats weighing 145.81 ±12.10g (mean ±S.D) were divided 

into 6 groups. The other 5 groups were injected intraperitoneally with a single dose 30 mg Fe 

/ kg body weight. He found the increase in liver enzymes and billirubin due to iron overload 

in experimental animals. Homeostatic mechanisms raise intestinal iron fascination in iron 
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deficiency, but its miserable directive at great consumption levels appears inadequate to 

preclude accretion of high iron accumulation at high consumption. In iron overload, there is 

no regulation of iron excretion. Additional of therapeutic iron can cause toxicity and 

gastrointestinal side effect. Prolonged iron surplus can key to hepatic fibrosis due to iron 

intensification of oxidative trauma and accelerations of DNA harms (Schumann, 

2001).Regarding the comparison of methods (oral and intravenous routes) used for 

occurrence of iron overload in experimental animals that intravenous route were found more 

effective than oral. 

 Regarding the iron overload, the serum ferritin, total protein , albumin, A/G ratio, 

liver enzymes (SGOT, SGPT, ALP), billirubin total, billirubin direct, billirubin indirect ang 

IgG levels were raised in both (oral and intravenous) groups and so our outcome agreed with 

Kuryshev et al., (2011) because they were also conducted an experiment of iron overload on 

human and gerbil. Dextran injection was given repeatedly in this study. Experiments showed 

positive results that iron concentration was increased in gerbil and human body along with in 

cardiomyocytes. Our results of iron overload in experimental animals are also agreed with 

Appel et al. (2001), Kiechl et al., 1994; Araujo et al., 1995 and Mohamed et al., 2006.It 

wasfound that the liver iron concentration was raised through both routes. Female Porton rats 

have been treated with either parenteral iron (intraperitoneal red cells) or dietary iron 

(carbonyl iron), Chua-anusorn et al., (1999) found that the liver iron concentration rose in 

both ways. We have also obtained same results regarding the occurrence of iron overload in 

experimental animals.  

5.9: Ferritin 

 The serum ferritin levels were raised through oral and intravenous routes in 

experimental animals. Serum ferritin is an iron stored protein. When iron sulphate (through 

oral route) and IROSE (iron sucrose) through intravenous route were administered to 

experimental animals, the serum ferritin levels were increased in both groups. According to 

analysis of variance (two factor factorial) showed highlysignificant difference (P<0.01) of 

ferritin level among weeks, groups and interaction b/w weeks x groups (Table 4.23). 

According to ferritin serum level interaction among weeks x groups in W2, W3, W4, W6 and 

W7 showed significant difference (P<0.05) when iron induced oral group compared with 

control group and all other groups showed non-significant difference (P>0.05). The 
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intravenous W2, W3, W4, W5, W6 and W7 showed significant difference (P<0.05) when 

compared with control group but all others showed non-significant difference (P>0.05). The 

means of these weeks showed significanct difference (P<0.05) among W1, W2 and W7 while 

all other groups W3, W4, W5 and W6 showed non-significant difference (P>0.05) presented 

in table 4.24.Our results are in line with Britton et al., (1994) that cellular uptake of 

circulating excess iron results in increased formation of ferritin and hemosiderin found in 

parenchymal tissues. Our results agreed with (Emara, et al., 2006). The accumulation of iron 

was shown in the liver may be due to the link of excess iron with certain types of protein, 

ferritin, transferrin, heme-iron and non–heme free iron molecules.In our study 

photomicrograph of hepatic tissues of rabbit with intravenous administered iron after 12 

weeks showed the engorgement of the central vein with the erythrocytes, severe cytoplasmic 

vacuolation and granular appearance (H & E satin) X-200, (Fig.4.51). 

 In recovery phase (Table. 4.59, 4.60, 4.61 and 4.62) Analysis of variance (three 

factorfactorial) of ferritin serum level interaction among weeks, groups, treatments, weeks x 

group, weeks x treatment, group x treatment and week x group x treatment were found highly 

significant (P<0.01). The interaction among week x group in case of oral and intravenous 

method were found significant (P<0.05).The interaction between week x treatment were 

found significant regarding the oral and intravenous routes for chelating of iron overloadby 

deferoxamine and deferiprone when compared with Psidium gujava, Camellia sinenis, 

Curcuma longa and Citrus aurentifolia respectively.The interaction among week x treatment 

x group in case of oral and intravenous method were found significant difference (P<0.05) of 

group 1 and treatment T6 (G1 x T5) and group 2 and treatment 4 (G2 x T4). 

  Our results of synthetic iron chelators are in accordance with Mostafavi et al., (2006) 

they examined that hydroxypyridinone iron chelators are alternatives to deferoxamine 

(DFO). In this experiment, they studied the relative efficacy and liver toxicity of a (MHPO) 

and DFO in experimental animals. After 15 days, blood samples were drawn and measured 

the ferritin concentration and TIBC and these parameters were not shown significant results.  

 In this study the natural iron chelating agents were restored the values near towards 

normal levels. The synthetic iron chelating agents were also restored the value towards 

normal but with the passage of time these values falls down. Our results agreed with 

Srichairatanakool et al., (2007) they occurred iron overload in mice then they established 
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curcumin actions as an iron chelator in mice that served foods supplemented with curcumin 

and showed deterioration in levels of ferritin (protein) in hepatic tissues. These consequences 

recommended that iron chelation could be an extra mode of action of curcumin. Numerous 

studies have established that curcumin can bind iron and act as an iron chelator (Jiao et al., 

2006; Messner et al., 2009). Affinity for curcumin is similar to that for deferoxamine 

(synthetic iron chelator), which seemed fruitful in a clinical test for AD (McLachlan et al., 

1991). Thus curcumin may act against Alzheimer’s disease by chelation.  

 Serum ferritin absorption links with tissue iron stores in horses, calves, dogs, cats, 

pigs and humans. Serum ferritin is considered the finest serum predictor to total body iron 

stores in these species, and is more consistent than serum iron or (TIBC) total iron-binding 

capacity, both of which might be affected by ailments distinct to iron competence or surplus 

(including hemolytic, hypoproteinemia, chronic infection (Andrews et al., 2004). 

 Different clinical parameters are used to measure body iron drain and response to 

therapy. Serum ferritin levels were the laboratory parameter most often used for index of iron 

in the body. In general, continual ferritin levels more than 2500 mcg/L are related with organ 

injury and death in humans (Olivieri et al, 1994) 

 Early animal data demonstrated good iron mobilization using deferiprone (Gale et al., 

1991; Bergeron et al., 1882) the scientific data regarding deferiprone is derived mostly from 

observational, retrospective, or combination chelator studies. The lack of traditional safety 

and efficacy trials comparing deferiprone to deferoxamine has prevented approval in the 

United States. 

5.10: Total Protein, Albumin, Gloublin and A/G ratio 

 The serum total protein, albumin, globulin and A/G ratio level were increased both in 

oral and intravenous groups in experimental animals. When iron sulphate and IROSE (iron 

sucrose) were administered to animals, the serum total protein, albumin, globulin and A/G 

ratio level was increased in both (Oral and intravenous). Regarding theanalysis of variance 

(two fator factorial) showed highly significant difference (P<0.01) of total protein level 

among weeks, groups and interaction b/w weeks x groups (Table # 4.25). According to total 

proteinserum level interaction among weeks x groups in W3, W4, W5, W6 and W7 showed 

significance difference (P<0.05) when iron induced oral group compared with control group 
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and all other showed non-significant difference (P>0.05). The intravenous W3, W4, W5, W6 

and W7 showed significant difference (P<0.05) when compared with control group and all 

others showed non–significant difference (P>0.05). The means of these weeks showed 

significance difference (P<0.05) of W1 while all other groups W2, W3,W4, W5, W6 and W7 

showed non-significant difference (Table # 4.26).In table#4.27showedhighly significant 

difference (P<0.05) of albumin level among weeks, groups and interaction b/w weeks x 

groups.According to albumin serum level interaction among weeks x groups in  W1, W2, 

W3, W4, W5, W6  and W7 showed significance difference (P<0.05) when iron induced oral 

group compared with control group. The intravenous W3, W4, W5, W6 and W7 showed 

significant difference (P<0.05) when compared with control group and all others showed 

non–significant difference (P>0.05). The means of these weeks showed significance 

difference (P<0.05) between W3 and W7 while all other groups W2, W3,W4, W5 and W6 

showed non-significant difference (Table # 4.28. Regarding the statistical analysis ANOVA 

(two factor factorial) showed highly significant difference (P<0.01) of gloublin level among 

weeks, groups and interaction b/w weeks x groups (Table # 4.43).Gloublin level interaction 

among weeks x groups in W1, W2, W4, W5 and W6 showed significance difference 

(P<0.05) when iron induced oral group compared with control group and W3 and W7 

showed non–significant difference (P>0.05). The intravenous W5 showed significant 

(P<0.05) difference when compared with control group and other showed non–significant 

difference (P>0.05).The means of these weeks showed significance difference (P<0.05) 

between W6 and W7 while all other weeks showed non-significant difference (Table # 4.44). 

The A/G ratio level showed highly significant difference (P<0.01) of among weeks, groups and interaction 

b/w weeks x groups (Table # 4.45) According to A/G ratio level interaction among weeks x groups 

in W1, W2, W3, W4, W5 and W7 showed significant difference (P<0.05) when iron induced 

oral group compared control group and W6 showed non–significant difference 

(P>0.05).When intravenous W4, W5, W6 and W7 showed significant difference (P<0.05) 

when compared with control group and other showed non–significant difference (Table # 

4.46). 

 According to statistical analysis ANOVA (two factor factorial) the level of 

biochemical parameters protein total, albumin, globulin and A/G ratio were increased in both 

method like oral and intravenous. Interaction between weeks and groups were also increased 
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significantly in these parameters. The occurrence of iron overload in experimental animals 

responsible to increase the serum total protein, albumin, globulin and A/G ratio levels than 

the normal values. (Fig.4.71) Photomicrograph of spleen tissues of rabbit with intravenous 

administered iron after 16 weeks showed the hemosiderosis with massive deposition of 

golden brown pigment within spleenic parenchyma due to heamolysis (H&E Stain) X-50. 

 In recovery phase  of  iron overload  the total protein according to analysis of 

variance (three factor factorial) of total protein level interaction among weeks, groups, 

treatments, weeks x group, weeks x treatment, group x treatment were found significant 

(P<0.05) and week x group x treatment were found non-significant (Table # 4.63, 4.64, 4.65 

and 4.66). Regarding the statistical analysis of albumin level interaction among weeks, 

groups, treatments, weeks x group and weeks x treatment were found significant (Table # 

4.67, 4.68, 4.69 and 4.70) and group x treatment, week x group x treatment were found non–

significant (P>0.05). According to Analysis of variance (three factor factorial) of globulin 

level interaction among weeks, groups, treatments, weeks x group, weeks x treatment, group 

x treatment and week x group x treatment were found highly significant (Table # 4.99, 4.100, 

4.101 and 4.102). According to Analysis of variance (three factor factorial) of A/G ratio level 

interaction among weeks, groups, treatments,  weeks x group, weeks x treatment, group x 

treatment and week x group x treatment were found highly significant (Table 4.103, 4.104, 

4.105 and 4.106). 

 In recovery phase of iron overload the interaction among week x group (Total protein, 

albumin, globulin and A/G ratio) in case of oral and intravenous method were found 

significant (P<0.05).Similarly (Total protein, albumin, globulin and A/G ratio) the interaction 

between week x treatment were found significant (P<0.05) regarding the oral and intravenous 

routes for chelating of iron overload by deferoxamine and deferiprone when compared with 

with Psidium gujava, Camellia sinsis, Curcuma longa and Citrus aurentifolia respectively 

 The total protein (g/dl) interaction among weeks x treatments x groups in case of oral 

and intravenous routes were found significant as mentioned G1 x T6.In albumin (g/dl) 

interaction among week x treatment x group in case of oral and intravenous method were 

found significant non–significant.In gloublin interaction among week x treatment x group in 

case of oral and intravenous method were found significant of G1 x T6 and G2 x T5.The A/G 
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ratio interaction among week x treatment x group in case of oral and intravenous method 

were found significant of G1 x T6 and G2 x T5. 

In our experimental animals the level of total protein, albumin, globulin and A/G ratio were 

restored towards normal after treatment with natural and synthetic iron chelating agents. In 

comparative analysis both natural and synthetic chelating agents showed better results.  

 Our results agreed with Srichairatanakool et al., (2007) reported that curcumin acts as 

an iron chelator, and reduced protein in the liver. Our results agreed with (Emara, et al., 

2006).The accumulation iron was shown in the liver may be due to the link of excess iron 

with certain types of protein and free iron molecules.Our results of natural iron chelator 

natural chelator agreed with Jiao et al., 2006 demonstrated that curcumin combine iron and it 

has properties of an iron chelator (Messner et al., 2009). 

5.11: LFT (Liver function tests) 

 The liver function tests (SGPT, SGOT, ALP, bilirubin total, direct and indirect) levels 

were increased both in oral and intravenous groups in experimental animals. The SGPT, 

SGOT, ALP and billirubin levels in oral group and in intravenous group repectively as 

presented in table 4.29, 4.30, 4.31, 4.32, 4.33, 4.34, 4.35, 4.36, 4.37, 4.38, 4.39, 4.40, 4.41, 

4.42.The iron overload in experimental animals were responsible for elevation the 

concentrations of enzymes above the normal level in both oral and intravenous groups and 

found significant as (p < 0.05).  

 According to statistical analysis ANOVA (two factor factorial) showed highly 

significant difference (P<0.01) of  SGPT, SGOT, ALP, Billirubin total, Billirubin direct and 

Billirubin indirect level among weeks, groups and interaction b/w weeks x groups.The level 

of iron increased in all these parameters SGPT, SGOT, ALP, Billirubin total, Billirubin direct 

and Billirubin indirect.The SGPT level interaction among weeks x groups in W4, W5, W6 

and W7 showed significance difference (P<0.05) when iron induced oral group compared 

with control group and all other showed non–significant difference (P<0.05). The 

intravenous W1, W2, W3, W4, W5, W6 and W7 showed significant difference (P<0.05) 

when compared with control group. The means of these weeks showed significance 

difference between W3 and W4 while all other groups W1, W2, W5, W6 and W7 showed 

non-significant difference (P>0.05).In our experimental animals SGOT level interaction 
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among weeks x groups in W1, W3, W4, W5, W6and W7 showed significance difference 

(P<0.05) when iron induced oral group compared with control group and all other showed 

non–significant difference. The intravenous W1, W3, W4, W5, W6 and W7 showed 

significant difference when compared with control group and all others showed non – 

significant difference. The means of these weeks showed significance difference between 

W1, W2 and W3 while all other groups W4, W5, W6 and W7 showed non-significant 

difference (P>0.05).The alkaline phosphatase level interaction among weeks x groups in W2, 

W4, W5, W6 and W7 showed significance difference (P<0.05) when iron induced oral group 

compared with control group and all other showed non–significant difference (P>0.05). The 

intravenous W2, W3, W4, W5, W6 and W7 showed significant difference when compared 

with control group and all others showed non–significant difference.The means of these 

weeks showed significance difference between W1 while all other groups W2, W3, W4, W5, 

W6 and W7 showed non-significant difference. 

 The Billirubin total level interaction among weeks x groups in W3, W4, W5, W6 and 

W7 showed significance difference (P<0.05) when iron induced oral group compared with 

control groups and all other showed non–significant difference (P>0.05). The intravenous 

W1, W2, W5, W6 and W7 showed significant difference when compared with control group 

and all others showed non–significant difference. The means of these weeks showed 

significance difference between W2, W4 and and W7 while all other groups W1, W3, W5 

and W6 weeks showed non-significant difference.Table #4.39 represent the billirubin direct 

level interaction among weeks x groups in W2, W3, W4, W5, W6 and W7 showed 

significance difference (P<0.05) when iron induced oral group compared with control groups 

and all other showed non–significant difference. The intravenous W4, W5, W6 and W7 

showed significant difference when compared with control group and all others showed non 

– significant difference. The means of these weeks showed significance difference between 

W7 while all other groups W1, W2, W3, W4, W5 and W6 weeks showed non-significant 

difference (P>0.05). According iron overload in experimental animals the Billirubin indirect 

level interaction among weeks x groups in W3, W4, W6and W7 showed significance 

difference (P<0.05) when iron induced oral group compared with control groups and all other 

showed non–significant difference. The intravenous W2, W4, W6 and W7 showed 

significant difference when compared with control group and all others showed non–
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significant difference. The means of these weeks showed significance difference between 

W1, W2 and W3 while all other groups W4, W5, W6 and W7 weeks showed non-significant 

difference (P>0.05). 

 According to statistical analysis the level of SGPT, SGOT, ALP, Billirubin total, 

Billirubin direct and Billirubin indirectalso increased significantly. The occurrence of iron 

overload in experimental animals affect greatly the SGPT, SGOT, ALP, Billirubin total, 

Billirubin direct and Billirubin indirect in both oral and intravenous method.These results are 

in accordance with Whittaker and Chanderbhan, (2001) who found that iron overload caused 

the significant increase of serum of SGPT, SGOT and ALP. Our results are also in line with 

Pulla Reddy and Lokesh, (1996) who found that male wistar rats injected with 30 mg 

Fe++/kg body weight showed hepatic damage as measured by an increase in lipid peroxides 

which correlated with elevated serum enzymes SGPT, SGOT and lactate dehydrogenase 

(LDH). Ibrahim et al., (1981) reported that acute iron overload in rats resulted in a marked 

increase in hepatic haem oxygenase that was associated with a decrease in cytochrome P-

450. 

 Both hepatocytes and RE cells are capable of iron storage but the hepatocytes 

metabolize enterally absorbed iron whereas RE cells metabolize the parenterally 

administered iron complexes first (Gualdi, 1994)). Oral administration of iron would favor 

parenchymal siderosis but it is unlikely to induce a severe iron overload. Just in contrast, as 

in this experimental model; parenteral administration of iron-sorbitol for 8 weeks favors both 

parenchymal siderosis and sinusoidal cell siderosis and induces a severe hepatic iron 

overload. Our results of iron overload are in accordance with Kuryshev et al., (2011) 

reported that patients with chronic iron overload sufferingwith cardiomyopathy and heart 

failure. He found a new model of human iron overload and the gerbil. The experimental 

animals given repeated injections of iron dextran. Experiments showed positive results that 

the iron content increasing of gerbil and human similar in case of cardiomyocytes. The 

results of this experiment showed cardiac iron deposition may cause heart diseases.Our 

results of histopathlogy are in agreement with Ozguner and Nurşensayın, (2000).examined 

that iron is an important role in heme metabolism He found that histological changes after 

chronic iron-sorbitol overload in experimental animals. In this study sorbitol was 

administered to experimental animals and after staining histological sections from liver 
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studied. Microscopical results showed iron deposition and fibrosis. Experiment results also 

showed positive response against chronic iron toxicity and its   correlation with histological 

findings 

 The link amongst iron and CVD appears stronger with hypercholesterolemia in 

humans (Kiechl et al., 1997) and animals (Araujo et al., 1995). Iron excess attained by iron 

dextran doses in hypercholesterolemic rabbits prompted developed atherosclerotic lesions 

and formed higher meditations of lipid peroxides; these properties advocate the synergistic 

consequence of cholesterol and iron surplus Araujo et al ., (1995). It is conceivable that high 

fat foods may persuade oxidative stress and generate circumstances auspicious for iron to 

contribute in affecting additional tissue damage. 

 Manjunatha and Srinivasan, (2006) reported that rats injected with iron showed 

hepatic toxicity as measured by an increase in lipid peroxides and elevated serum enzymes, 

ALT, AST and LDH. Such increased activities might be attributed to the leakage of these 

enzymes from the injured liver cells into the blood stream because of the altered liver 

membrane permeability. A possible mechanism for tissue damage from chronic Fe overload 

may be the effect of free radical formation and lipid peroxidation (Whittaker and 

Chanderbhan, 2001). Whittaker et al. (1996b) previously reported that liver lipid peroxides 

were significantly increased in Fe-overloaded rats. 

 In our study, iron overload in rabbits (orally and intravenously) are in accordance 

with Carthew et al., (1991) as they also administred iron dextran which caused parenchymal 

hemosiderosis, fibrosis and per-sinusoidal. Our histophatological analysis also showed 

(Figure, 4.42), hemosiderin dispersed within parenchyma(Figure, 4.43)hemosiderin golden 

brown pigment deposited in kidney as (Figure, 4.44) rabbit.Deposits of hemosiderin (Figure, 

4.46), haemosiderosis (Figure, 4.52), De-Sousa, (1988) revealed that after prolonged periods 

of heavy iron loading, parenchymal siderosis has been verified by (Park, 1987). 

 Our present experimental animal model is in favor of Gualdi et al.1994 year’s study, 

as we also demonstrated parenchymal cell siderosis and only slight fibrosis (fig. 4.67) during 

long-term iron administration. Our results are in line with Britton et al., (1994) that cellular 

uptake of circulating excess iron results in increased formation of ferritin and hemosiderin 

found in highest concentrations in parenchymal tissue of several organs (liver, heart, 
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pancreas). In our study, level of ferritin and  formation of hemosiderin found in highest 

concentrations in several organs such as liver, kidney, spleen and heart as shown in 

(histopathological analysis fig.4.47, 4.48, 4.49, 4.50, 4.51, 4.52 and 4.53). 

 Sadeek and Razek 2010 reported that iron overload increase the values of SGPT, 

SGOT, ALP and billirubin.Our results of liver enzymes presented in table (4.89 and 4.90) 

and histopatholigcal analysis (Fig. 4.65) are in accordance with Reyes-Gordillo et al., (2007) 

and Naik  et al., (2010) who showed that crcumin treatment reversed elevated serum marker 

enzymes, (SGPT), (SGOT) and (ALP), increased lipid peroxidation, decreased gluthione 

(GSH), glutathione peroxidase (GPx) and superoxide dismutase (SOD) in edematous, 

granulomatus, liver and heart tissues during inflammation, liver injury and cardiac necrosis, 

respectively.  

 In our study, animal treated with natural chelating agents such Curcuma longa 

(turmeric), Camellia sinenis (green tea), Psidium gujava (amrood) and Citrus aurentifolia 

(Khatti) restored enzyme values towards normal in granulomatous, hemosiderosis, cirrhosis, 

hyperchromatosis in liver, kidney, spleen and heart of male albino rabbits. Our results are 

also agreed with Sadeek and Razek 2010 reported that curcumin reduce the value of SGPT, 

SGOT, ALP and billirubin towards normal. 

  Our results greatly agreed with Manjunatha and Srinivasan, (2006) demonstrated that 

dietary curcumin, capsaicin and their combination reduced the activities of elevated serum 

enzymes, ALT, AST and LDH which were elevated by iron injection, and lowered the liver 

lipid peroxide, indicating amelioration of the severity of iron-induced hepatotoxicity. In our 

study iron overload by orally and intravenously in rabbits increase in enzymes levels and 

induced hepatotoxicity, kidney, heart and spleen damage (histopathology), the use of natural 

and synthetic iron agents in rabbits normalize serum enzyme and also recovered the tissue 

injury (liver, kidney, spleen and heart). Oboh et al., (2007) concluded that hot peppers 

prevent Fe2+-induced lipid peroxidation. Our results of experimental animals (male albino 

rabbits) are in line with Abdel-Wahab., (2005) observed that treatment with clove and 

cardamom effectively decreased liver enzyme levels in the serum. This can be attributed to 

the presence of antioxidant in clove and cardamom which contain phenolic compounds that 

can act by scavenging free radicals.  In our natural study chelating agents derived from like 
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Psidium gujava, Curcuma longa, Camellia sinesis and Citrus aurentifolia also accredited the 

presence of antioxidantsuch as  phenolic compounds that can act via scavenging free radicals. 

Delazar et al., (2003) demonstratd that Tannic acid (TA) is naturally occurring polyphenols 

present in fruits and vegetables. In this study, Albino Swiss mice were given iron-dextran for 

two weeks and were pretreated with a single topical application of tannic acid.He found that 

the inhibition of iron mediated oxidative stress by tannic acid  diminish the  cutasneous 

tumorigenesis. Tannis also present in our natural chelating agents so it also inhibit the iron 

mediated oxidative stress. 

 The SGPT level of experimental animals according to Analysis of variance (three 

factor factorial) the interaction among weeks, treatments, weeks x group, weeks x treatment, 

group x treatment were found significant (P<0.05) and groups, week x group x treatment 

were found non-significant (Table # 4.71, 4.72, 4.73 and 4.74). Regarding the analysis of 

variance (three factor factorial) of SGOT level interaction among weeks, treatments, weeks x 

group, weeks x treatment, week x group x treatment were found significant and in groups 

were found non-significant (Table # 4.75, 4.76, 4.77 and 4.878). According to Analysis of 

variance (three factor factorial) of ALP level interaction among weeks, groups, treatments, 

weeks x group and weeks x treatment, group x treatment  and week x group x treatment were 

found significant and in groups were found non–significant (4.79, 4.80, 4.81 and 4.82). The 

Analysis of variance (three factor factorial) of Billirubin total level interaction among weeks, 

groups, treatments, weeks x group, weeks x treatment, group x treatment and week x group x 

treatment were found highly significant (Table # 4.83, 4.84, 4.85 and 4.86).According to 

Analysis of variance (three factor factorial) of Billirubin direct level interaction among 

weeks, groups, treatments,  weeks x group, weeks x treatment, group x treatment and week x 

group x treatment were found highly significant (P<0.01).According to Analysis of variance 

(three factor factorial) of billirubin indirect level interaction among weeks, groups, 

treatments, weeks x group and weeks x treatment were found significant while  group x 

treatment, week x group x treatment were found significant and in groups were found non–

significant (Table 4.87, 4.88, 4.89 and 4.90). 

   In recovery phase the SGPT, SGOT, ALP, billirubin indirect interaction among week x 

group in case of oral and intravenous method were found non-significant (P>0.05). The 
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direct interaction among week x group (billirubin total and direct) in case of oral and 

intravenous method were found significant (P<0.05). 

The SGPT, SGOT and ALP interaction between week x treatment were found significant 

(P<0.05)regarding the oral and intravenous routes for chelating of iron overload by 

deferoxamine and deferiprone when compared with Psidium gujava, Camellia sinenis, 

Curcuma longa and Citrus aurentifolia respectively. 

 The Billirubin total interaction between week x treatment were found significant 

(P<0.05) regarding the oral and intravenous routes for chelating of iron overload by 

deferoxamine and deferiprone when compared with Psidium gujava, Camellia sinenis and 

non-significant Curcuma longa and Citrus aurentifolia respectively. In billirubin direct  

interaction between week x treatment were found significant regarding the oral and 

intravenous routes for chelating of iron overload by deferoxamine when compared with 

Psidium gujava, Camellia sinenis and Citrus aurentifolia and non-significant (P>0.05) when 

compared with Curcuma longa. The interaction between week x treatment were found 

significant regarding the oral and intravenous routes for chelating of iron overload by 

deferiprone when compared with Psidium gujava, Camellia sinenis, Curcuma longa and 

Citrus aurentifolia respectively.In billirubin indirect the interaction between week x 

treatment were found significant regarding the oral and intravenous routes for chelating of 

iron overload by deferoxamine and deferiprone when compared with Psidium gujava 

andCitrus aurentifolia and non-significantwhencompared with Camellia sinenis and 

Curcuma longa respectively.  

 In recovery phase of iron overload SGPT interaction among week x treatment x group 

in case of oral and intravenous method were found non–significant (P>0.05) but in SGOT 

interaction among week x treatment x group in case of oral and intravenous method were 

found significant of G2 x T5.Similarly ALP level interaction among week x treatment x 

group in case of oral and intravenous method were found significant (P<0.05) of G1 x T5 and 

G1 x T6. 

 In iron chelating ability of natural and synthetic chelating agents the serum level of 

billirubin total interaction among week x treatment x group in case of oral and intravenous 

method were found significant  (P<0.05) of  G2 x T1, G2 x T2, G2 x T5 and G2 x T6 
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respectively but billirubin direct interaction among week x treatment x group in case of oral 

and intravenous method were found significant of G1 x T1, G1 x T1, G1 x T5, G2x T 3 

respectively.Similarly in billirubin indirect the interaction among week x treatment x group 

in case of oral and intravenous method were found significant of G1 x T1, G1 x T2 and G2 x 

T2 respectively. 

 In recovery phase of iron overload the serum level of SGPT, SGOT, ALP, billirubin 

total, direct and indirect restored towards normal. So it means our natural and synthetic iron 

chelating agents work efficiently and remove excess iron from liver and other organs. 

Antioxidant activity and bioactive compounds (tannins and catechins) present in our natural 

chelating agents prove that our natural chelating agents have strong iron chelating activity.  

 In our experiment, natural chelating agents Curcuma longa (turmeric) shows 

similarity in results with Kempaiah and Srinivasan, (2004) confirmed that dietary 

hypolipidemic spices (curcumin, capsaicin and garlic) were effective in reducing the oxidant 

stress, which was indicated by countering the depleted antioxidant molecules and antioxidant 

enzymes in erythrocytes and liver, and decreasing the elevated lipid peroxide content. In our 

study iron was overloaded by the use of iron sulphate (orally) and IROSE (iron sucrose 

intravenous injection) turmeric affectively decreases the enzyme values and recovered the 

tissue damage liver, kidney, spleen and heart (histopathological analysis Fig.4.51) 

 Our results of turmeric and other natural chelating agents are in line with Pulla -

Reddy and Lokesh , (1996) revealed that oral administration of spice principles, curcumin 

from turmeric (30 mg/kg body weight) or eugenol from cloves (100 mg/kg body weight), for 

10 days lowered the liver and serum lipid peroxide levels, It have been shown that curcumin 

reduced iron-dependent oxidative stress and iron toxicity in T51B cells without blocking iron 

uptake (Messner et al ., 2009) and Thephinlap et al ., (2009) found that , Curcuminoids are 

effective in chelation of plasma NTBI in iron-loaded thalassemic mice. Consequently, it can 

alleviate iron toxicity and harmfulness of free radicals. Our results of natural and synthetic 

iron chelatin agents such as Psidium gujava, Camellia sinenis, Curcuma longa, Citrus 

aurentifolia, deferoxamine and deferiprone are in agreement with Reyes-Gordilloet al., 

(2008) they reported that curcumin was useful in preventing and reversing cirrhosis, possibly 

by its ability of reducing transforming growth factor-beta (TGF-beta) expression. Our 
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histopathological analysis also favour the fact that curcumin might be an effective fibrolitic 

and antifibrotic drug in the treatment of chronic hepatic diseases. In recovery phase, natural 

and synthetic iron chelating agents of Psidium gujava, Camellia sinenis, Curcuma longa, 

Citrus aurentifolia, deferoxamine and deferiprone were given to experimental animal to 

restore the normal structure of liver, kidney, spleen and heart. 

 In our results the relative weights of liver, kidney, spleen and heart in iron overloaded 

rabbits is in agreement with those of Whittaker and Chanderbhan ,(2001) who found that 

there was an enlargement of the heart  and liver with increasing iron dose when comparing 

the organ weights (heart and liver) to body weight. In our study, the relative size and weight 

of liver, kidney, spleen and heart were decreased on given of Psidium guajava, Camellia 

sinenis, Curcuma longa and Citrus aurentifolia, deferoxamine and deferiprone. Naik et al., 

(2010) revealed that the increase in comparative weight of liver and heart, the CCl4 and 

Isopretenol induced liver injury and induce cardiac necrosis were reduced by the curcumin 

treatment.  

  The additional accretion of iron in animal liver was dose and time dependent. 

Iron increase was detected in those animals that have no iron deficit and take medications 

having iron without of any physician guidance. This accretion was established by Appel et al. 

(2001) determined that under supervision of regular diet comprising adequate iron in 

dissimilar forms, iron was amassed from the diet in kidney, liver and spleen. Iron serves as a 

physiological regulator of normal intracellular functions in both free ferrous and ferric forms 

(Tavill and Qadri, 2004), the oxidative stress persuaded cytotoxicity leading to necrosis may 

be due to amplified intracellular free ion (Mohammed et al., 2006). Additional iron accretion 

in the liver persuades liver injury and endorsing sub cellular organelles impairment leading to 

cell death. In patients, hemochromatosis of major organs, such as the heart and liver might be 

due to iron overload  Knutson et al., (2000) found that the liver non-heme iron concentration 

that were 1.8 - 2.7 fold higher in normal and iron deficient rats that administered iron 

supplements as compared to unsupplemented rats. Al – Sheikh, 2012 demonstrated the 

deficiency of Iron (anemia) is a common feature of many targets of human living in 

developing world. This work was planned to assess the daily iron supplementation due 

anemia and extra iron supplementation inside the bodies’s, iron-overload stimulates oxidative 

trauma and organ disaster. For this purpose the animals were divided into three groups of 
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rabbits, 1st  as control, 2nd  severely starved and the 3rd  was well fed.The last two groups 

were both supplemented by iron (as Fumarate tablets) equivalent to those of anemic human 

therapies, daily till three weeks. The starved ones developed the signs of anemia such as size 

loss and weakness; the organs were pale due to the deficit blood supply. The renal and 

hepatic cells appeared to be unfilled with clear cytoplasm but few cells were being collapsed. 

The structures of the organs were restored towards normal, after daily supplementation of 

iron but certain amounts of iron accretions were observed. The 3rd well-fed group looked to 

be normal with surplus iron accrual in the form of stainable granules. Iron is important 

supplement to overcome certain type of anemia but daily doses to a restricted time. This 

supplement increased the iron overload which will accumulate cause a significant 

hepatotoxic and nephrotoxic effects. Additional oral iron consumption should be evaded if 

prescribed by a physician. 

5.12 IgG (imminogloublin) 

 The antibody (IgG) values were increased both in oral and intravenous groups in 

experimental animals. The IgG values were increased in iron overloaded experimental 

animals in both groups (oral and intravenous). Regarding the statistical analysis of IgG level 

showed highly significant difference (P<0.01) among weeks, groups and interaction b/w 

weeks x groups in experimental animals (Table # 4.41) 

 In occurrence of iron overload in animals the IgG level interaction among weeks x 

groups in W1, W2, W3, W4, W5, W6   and W7 showed significant difference (P<0.05) when 

iron induced oral group compared with control groups. The intravenous W1, W2, W3, W4, 

W5, W6 and W7 showed significant difference (P<0.05) when compared with control group. 

The means of these weeks showed significance difference between W1, W2 and W3 while 

all other groups W4, W5, W6 and W7 weeks showed non-significant difference (Table # 

4.42). 

 In recovery phase, According to Analysis of variance (three factor factorial) of IgG 

level interaction among weeks, groups, treatments, weeks x treatment were found significant 

(P<0.05) and in week x treatment, group x treatment, week x group x treatment were found 

non-significant (Table # 4.95, 4.96, 4.97 and 4.98). The interaction among week x group in 

case of oral and intravenous method were found significant.The interaction between week x 
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treatment were found significant regarding the oral and intravenous routes for chelating of 

iron overload by deferoxamine and deferiprone when compared with with Psidium gujava, 

Camellia sinsis, Curcuma longa and Citrus aurentifolia, respectively.The interaction among 

week x treatment x group in case of oral and intravenous method were found non-significant 

(P>0.05). 

 In our study, IgG level disturb during iron overload in our experimental animals also 

maintain the normal level when treated with natural (Psidium gujava, Camellia sinsis, 

Curcuma longa and Citrus aurentifolia) and synthetic chelating agents (deferoxamine and 

deferiprone). 

 Certain metals appear to have both concentration-dependent immunomodulatory and 

immunotoxic effects at pharmacologic concentrations (Zeromski 1999; Boscolo et al., 2009). 

Some are of interest as potential immune adjuvants (Naim et al., 1997). Essential trace 

elements obtained from the diet; including iron, zinc, copper, selenium, and chromium, have 

critical effects on immune response at physiologic concentration, such that altered levels may 

compromise responses to infection through regulation of specific immune mechanisms 

(Shankar and Prasad., 1998). Iron is unique among metals because of its central role in 

oxygen transport. However, excess iron also promotes microbial growth and can suppress 

immune function. Iron-dependent gene regulation has been observed in bacteria (Hill et al., 

1998) and mechanisms controlling iron uptake from the environment have been identified 

(Byers and Arceneaux,. 1998). In contrast, control of iron intake in higher organisms has not 

been clarified. Studies of the immune system in thalassemia suggest chronic activation in 

association with allogeneic stimulation and iron overload and transient effects of trace 

element removal by chelation (Wanachiwanawin et al., 1996; Cunningham-Rundles et al., 

2004). However, there are no repetitious episodes of infections that are characteristic of 

intrinsic immune deficiency.While there is no evidence for any pre-existing intrinsic immune 

deficiency in thalassemia, a recent investigation suggested there is an innate defect in 

monocyte/macrophage phagocytosis of erythrocytes in HH.Cunningham-Rundles et 

al.,(2014) reported that infectious disease is observed in persons with transfusion-dependent 

thalassemia and iron overload who experience increased exposure to pathogens and chronic 

immune stimulation. An abnormal low CD8+ T (LT8) immune phenotype defines a subgroup 

of patients. The CD8+ T cell immunophenotype is stable despite continued blood transfusion 
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and is independent of age. CD8+ T cells, but not CD4+ T cells, were modulated during 

intravenous chelation with deferoxamine. Return to characteristic pretreatment levels of CD8 

was observed in both the low and the normal groups, suggesting the possibility of a set point. 

Proliferative response to mitogens and antigens was increased by chelation. Because CD8+ T 

cells are important in immune response to infectious disease, these studies suggest that 

intrinsic CD8+ T cell subset differences may be a critical factor in determining 

susceptibilityto infection independent of transfusional iron overload or alloantigen exposure. 

 In recovery phase, natural and synthetic iron chelating agents of Psidium gujava, 

Camellia sinenis, Curcuma longa, Citrus aurentifolia, deferoxamine and deferiprone were 

given to experimental animal to restore the normal structure of liver, kidney, spleen and 

heart. 

 The oral and intravenoussubgroups which were treated with extract of nat of Psidium 

gujava, Camellia sinenis, Curcuma longa and Citrus aurentifolia after the induction showed 

excellent response to inflammatory condition. From the very first day of these chelating 

agents administration their physical and chemical conditions started to improve. They also 

lost weight and food interest when iron overload was induced. Body reflexes were also slow 

but with the passage of time they improved and showed interest in food and water and also 

gained the weight.Their temperature also became normal after four months. 

 The iron overload animals of oral and intravenous groups when treated with 

defroxamine and deferiprone, they abruptly developed temperature, nausea, diarrohea, 

vomiting, and loss of appetite, restless, laziness, reduced water intake and body reflex also 

altered. After administration of defroxamine and deferiprone, the biochemical parameters 

became normal after two to four weeks but further administration of these drugs raised the 

level of enzymes ALT, AST and ALP and at the same time the serum ferritin levels falls 

down than normal. The immune system IgG levels also raised above then normal level and 

cannot restored towards normal. The billirubin total, billirubin direct and billirubin indirect, 

globulin, A/G ratio, total protein and albumin level restored towards normal. 
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Chapter-6 

SUMMARY  

The main part of the research work, presented in this thesis, was conducted in the Bio-

medical and Proteomic laboratories of the Department of Biochemistry, University of 

Agriculture, Faisalabad, Pakistan. Some special clinical tests were performed at Ali Zaib 

Foundation and Al-khadmat laboratories, Faisalabad. Histopathological study was carried out 

at Shalimar Hospital Lahore, Pakistan. GC-MS analysis of essential oils was done at National 

Center of Excellence in Analytical Chemistry, University of Sindh, Jamshoro, Pakistan. The 

present study was conducted in two phase: In first phase, the extracts of medicinal plants 

were evaluated for their antioxidant and radical scavenging activities. The highest radical 

scavenging activities was found in Camellia sinesis ((IC50 39.3-74.7 μg mL-1) and least in 

Citrus aurentifolia (IC50 27.2-32.6 μg mL-1).The best antioxidant activity was observed for 

the extracts from Psidium guajava, Camellia sinenis and moderate from Citrus aurentifolia 

and least in Curcuma longa. Similarly, among the extraction solvent employed, methanol 

extract was showed better results when compared with ethanol and acetone, this may be due 

to higher polarity of methanol. The antibacterial activity of methanolic extracts of medicinal 

plants was found stronger against a panel of microorganisms as evident from its larger 

inhibition zones as compared to chloroform and ethyl acetate. But n-hexane extracts did not 

show any activity against fungal strains and even smaller inhibition zones were recorded 

against bacteria strains (11mm). Ethyl acetate extract of Curcuma longa showed stronger 

activity against bacterial growth Similarly, Citrus aurentifolia and Camellia sinensis extracts 

showed good result  against fungal strains. 

 The qualitative and quantitative phytochemicals analyses of selected medicinal plants 

were revealed the presence of several bioactive compounds such as alkaloids, steroids, 

saponins, glycosides, terpenoids and tannins. Fourier transforms infra-red (FTIR) analysis, 

related to functional and structural group study of alkaloids, flavonoids and saponins, 

confirmed the detection of C=C, C=0, C-N, and O-H functional groups for these secondary 

metabolites. Cytotoxicity of selected medicinal plants were done by haemolytic assay and 

following pattern was observed for Curcuma longa (13%)> Psidium guajava (11%)> Citrus 

aurentifolia (10%)> Camellia sinenis (4%). Moreover, the volatile chemical constituents of 
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the hydrodistilled essential oils from the selected medicinal plants were characterized by GC-

MS analysis. The essential oil of Curcuma longa was contained by turmerone (33.21%), 

Carrophyphyllene (11.15%), Curcumene and 2heptene (7.40%). The essential oil of Citrus 

aurentifolia was dominated by Carrophyllene (25.1%), beta Bisabolene (22.5%), Curcumene 

(5.27%) and Limonene (2.64). Carrophylleneoxid (22.70%), Carrophyllene (15.6%), 

αcubebene (11.2%) andp[e]azulene, decahydro1,1,7 trimethyl4methylene, [1aR (1a.alpha., 

4a.alpha.,7.alpha.,7a.beta.,7b.alpha.)]- (5.53%) were the major compounds found in the 

Psidium guajava essential oil. The essential oils and extracts of selected  medicinal plants 

also exhibited good activity  to recover DNA damage caused by  pBR322 DNA that was 

exposed to UV, H2O2 and both UV + H2O2 that caused damage in plasmid pBR322 DNA, 

which occurred due to conversion of the super coiled form of pBR322 DNA into an open 

linear form. 

 In the second phase, 54 male Albino rabbits with weight 2 ± 0.2kg (mean ±S.D) were 

divided into 3 groups. The first group served as a control and consumed a fresh barseen 

(Trifolium alexandrium) as a diet. The other groups: 2nd group administered iron sulphate 

orally and 3rd group received IROSE (iron sucrose) intravenously according to body weight. 

Group 1st was kept without further treatment and served as a positive control. The iron 

overload (FeSO4 and IROSE) in experimental animals were continued for four months. The 

experimental animals were slaughtered after one month interval of time during the whole 

study. The selected organs and blood samples were collected for biochemical and 

histopathological analysis to observe the iron overload status throughout the four months 

span.. Laboratory investigations were consisted of serum ferritin, protein total, albumin, liver 

function test (SGPT, SGOT and ALP), billirubin total, billirubin direct and indirect, A/G 

ratio, gloublin and IgG. In addition, liver was determined to test the magnitude of liver iron 

toxicity.  

Regarding the analysis of variance (two factor factorial) the iron overload was 

associated with significant increases in the activities of the serum ferritin level (4.4–6.8, 5.1–

7.9 nm of oral and intravenous group) immune status (1525–2500, 16088–2700 mg/mL of 

oral and intravenous group )and  enzymes SGPT (11-67, 52–77 U/L of oral and intravenous 

group) SGOT (19–55, 27–66 U/L of oral and intravenous group) and ALP (22–159, 37–181 

U/L) of oral and intravenous group), (P< 0.01) compared with the respective mean control 
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values. All the parameter including total bilirubin, direct billirubin and indirect billirubin 

were showed a significant increase as (P<0.01).The interaction between weeks and 

treatments were found significant in both oral and intravenous groups in case of iron 

overload in experimental animals. On the other hand, the main parameter, serum ferritin 

level, were also increased significantly as (P<0.01). The deposition of iron (iron overload) in 

liver, heart, kidney and spleen were also confirmed through histopathological study. After 

four months, the animals of oral, intravenous and control group were again divided into 

seven sub-groups. The rabbits of oral group was nominated as N1, N2, N3, N4, S1 and S2 

and similarly intravenous group were labeled as n1, n2, n3, n4, s1 and s2 along with Control 

group as C1-c1.  

According to analysis of variance ANOVA (three factor factorial ) the incorporation 

of the Psidium guajava, Camellia sinenis, Curcuma longa, Citrus aurentifolia, defroxamine 

and deferiprone were given to rabbits and it was found that these agents play role in 

restoration of the serum ferritin level , albumin, IgG and enzyme activities of the liver AST, 

ALT, ALP toward normal level (highly significant P<0.01).The extracts of Curcuma longa 

were showed better results for restoration of ferritin level (4.9nm) and synthetic iron 

chelating agent deferiprone were also maintained the value within normal limits (3.6nm). The 

extracts of Curcuma longa and Citrus aurentifolia were restored the SGPT level (29–31, 34-

39 U/L). The extracts of Curcuma longa and Psidium gujava were showed better trend 

toward the normal values of SGOT and ALP (27-33, 11 – 14 U/L), (101-111, 88-94 U/L 

respectively). The extracts of Psidium gujava and Camellia sinesis were also showed better 

trend toward the normal values (1620–1650 and 1700-1715 mg/mL) regarding the immune 

status of experimental animals in both groups while synthetic iron chelating agents were 

showed value above the normal limits (3000-3200, 3100 – 3270 mg/ mL). The interaction 

between week, group, treatment were found to be significant in ferritin, total protein, AST, 

ALT, ALP, Billirubin total, Billirubin direct, Billirubin indirect and globulin serum level. 

The interaction between week x treatment were found to be significant as (P<0.05) regarding 

the oral and intravenous routes for chelating of iron overload by deferoxamine and 

deferiprone when compared with Psidium gujava, Camellia sinenis, Curcuma longa and 

Citrus aurentifolia,respectively. The liver, kidney, spleen and heart iron deposition was 

reduced when compared with the respective mean values obtained with the positive control 
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group. Efficacy of synthetic group in recovery phase, deferiprone worked better than 

defroxamine. The observed improvement in the liver functions tests suggests that the effect 

of the Psidium guajava, Camellia sinenis, Curcuma longa and Citrus aurentifoli is attributed 

to chelation with iron followed by excretion of the complex. The present study results can 

lead to explore applications of plant based natural chelating agents to excrete excessive levels 

of iron in populations at risk of iron overload such as patients with thalassemia major and 

chronic refractory anemic etc. 

 From the view-point of future propects, as it is evident from the presented data, this 

study provides useful information about the phytochemicals composition, antioxidant, 

cytotoxicity and antimicrobial activities of the selected medicinal plants from local heritage. 

The utilization of indigenously available plants as potential source of natural antioxidants and 

antimicrobiological agents, as well as food preservating and flavoring agents ought to been 

courage. Moreover, the selected medicinal plants have shown good chelating ability and 

excreted the excess iron from different organs such as liver, kidney, spleen and heart of the 

experimental animals. The scientific data regarding deferiprone is derived mostly from 

observational, retrospective, or combination chelating studies. The lack of traditional safety 

and efficacy trials comparing deferiprone to deferoxamine has prevented approval in the 

United States. The use of synthetic iron chelating agents over  a long period of time may 

cause  hindrance in the efficiency of immune system, enzymes level and ferritin 

concentration thus leading to numerous side effects such as  diarrhea, vomiting, restless, loss 

of body weight, sneezing, rise in temperature etc. The extracts from the selected medicinal 

plants can be used to develop natural phytomedicine and natural health supplements as 

remedy to treat various health disorders caused by the excessive deposition and overload of 

iron in the body. Nevertheless, it can also be suggested that the extracts or compositions 

containing ingredients of the selected medicinal plants should not be used by the patients 

suffering from various types of anemia because these plants possess the ability to reduce and 

chelate the iron from the body. Further investigation, related to standardization of extract 

doses and their potential uses for human intake/medication, should be carried out via clinical 

trials before their phytomedicinal applications.  
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